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ABSTRACT 
This work deals with the synthesis and 
structural studies of (1) novel heterobimetallic 
complexes containing copper(II) and a group IV metal 
and (2) new group IV metal complexes with a variety 
of mono and multidentate ligands such as dithiocar-
bamates, tetrahydroborate anion/ SnCl2. (pyridine) and 
poly(4-vinyl pyridine-N-oxide). The main objective 
of this project is to investigate the possible 
geometries adopted by group IV metals by varying the 
type and chemical nature of ligands attached. 
There is growing awareness associated with 
electrochemical/ magnetic and spectroscopic studies 
of multimetallic complexes. Such complexes possess 
active sites in a variety of metalloenzymes and play 
a significant role in industrial catalysis. Further-
more, this type of complex exhibits magnetic 
interactions and also serves as a model for 
metalloproteins in which biological function is 
associated with the occurrence of paired metal 
centres. A large number of transition and non-
transition metals are found in biological systems in 
which the organic moiety is inactive in the absence 
of these metals. The magnetic and spectrochemical 
behaviour of heterobimetallic complexes varies from 
monometallic/ homo- bi- or trimetallic complexes. In 
a view to provide different environments in the 
bimetallic complexes for the metal atom/ one transition 
(copper) and one non-transition metals (silicon/ 
germanium/ tin/ titanium and zirconium) have been chosen 
for this purpose. Of course/ titanium and zirconium are 
transition metals but their tetrachlorides behave 
similar to those of group IVB metal tetrachlorides. 
Second chapter describes the synthesis and 
characterization of a variety of multimetallic complexes 
containing copper(II) and a group IV metal. 
Heterobimetallic complexes of the types [Cu(TETA)Cl2MCl2] 
and [Cu2(TETA)2C1^M] (M = Si/ Ge, Sn / Ti and Zr; TETA = 
triethylene tetramine) synthesized by treating [Cu(TETA)JCI^ 
with group IV metal tetrachlorides in 1:1 and 2:1 
ratios/ respectively/ were characterized by e.s.r./ 
electronic and i.r. spectroscopy/ elemental analysis/ 
magnetic susceptibility measurements and conductivity 
measurements. The complex [Cu(TETA)Cl2SnPh2] has also been 
prepared and characterized. Another heterobimetallic 
complexes of the type [ Cu (en) 2Cl2M2Cl^ ] (M = Si, Ge / Sn/Ti 
and Zr; en = ethylenediamine) and [Cu (en) prepared 
by reacting [Cu(en)2]Cl2 with group IV metal tetrachlorides and 
dichlorodiphenyltin(IV)/ respectively/ were characte-
rized by similar methods. The e.s.r. spectral g-values 
ii 
indicate square planar geometry for [Cu(TETA)]CI2 and 
[Cu(en)2]Cl2 and an octahedral environment for copper(II) 
in heterobimetallic complexes. Conductivity measurements 
show [Cu(TETA)ICl^ and [Cu(en)2]Cl2 to be ionic and the 
heterobimetallic chelates to be covalent. 
An attempt has also been made to synthesize 
heterobimetallic chelates of the type [CuLMCl^] (M = Si, 
Ge, Sn, Ti and Zrj L = NN'-ethylene bis (salicylidene-
iminate)). Complex of copper(II) with Schiff base 
derived from the condensation of salicylaldehyde and 
ethylenediamine has been synthesized. This Schiff base 
complex was further metallated with group IV metal tetra-
chlorides yielding heterobimetallic chelates of the type 
[CuLMCl^]. On the basis of spectral data copper(II) has 
been found to impose a square planar geometry whilst 
the group IV metal atoms have an octahedral environment 
with a cis-configuration. Conductivity measurements 
avered the non-electrolytic nature of these heterobi-
metallic complexes. 
Third chapter deals with the synthesis and 
structural studies of a tremendous number of group IV 
metal complexes with tetrahydroborate. Transition metal 
tetrahydroborates are important as precursors to solid 
metal borides, to metal hydrides as well as alkyls. From 
the structural point of view they are intriguing for 
v 
the versatility displayed by the BH^ group in the mode of 
its ligation to the metal centre* which may entail 
triple/ double or single hydrogen bridges. 
The complex [MLCl^] (M = Si/ Ge, Sn; L = NN'-
ethylene bis(salicylideneiminate)) reacts with KBH^ in THF 
to give [ML(BH^)2]. The results indicate that the BH~ ion 
behaves as a bidentate ligand and the central metal atom 
possesses eight coordination. The conductivity 
measurements reveal their covalent nature. Another 
series of compounds of the types [R2Sn(BH^)2] (R = Me/ Bu/ 
Ph) and [R^SnCBH^)] (R = Bu/ Ph) have been synthesized by 
the direct interaction of R2SnCl2 and R^SnCl with excess 
KBH^ in THF, respectively. In this case it is found that 
the tetrahydroborate group acts as a tridentate ligand 
implying eight and six coordination of the tin atom, 
respectively. The molar conductance value ascertains 
their non-electrolytic character. 
The interaction of germanium and tin tetrachlo-
rides with an excess of KBH^ in dry THF results in the 
formation of novel compounds of the type M(BH^)^ (M = Ge, 
Sn). The results emphasize that the compounds are non-
electrolytes and the BH~ anion links covalently to the 
group IV metal atom in a tridentate manner. The double 
hydrogen bridging role of the tetrahydroborate group 
iv 
has been observed in the complexes/ [Sn(BH^)2(THF)] and 
[ZrO(BH^)2]/ synthesized by reacting SnCl2 and ZrOCl2 with 
KBH^/ respectively. Also in this case, the BH~ anions bounds 
tin and zirconium atoms covalently of which the conducti-
vity measurements reveal their non-electrolytic 
character . 
New heterobimetallic complexes containing tetra-
hydroborate have been prepared and characterized. The 
complexes [Cu(TETA)C1 MCI ] (M = Si, Ge, Sn, Ti and Zr; 
TETA == triethylene tetramine) react with KBH^ in a 1:4 ratio 
in dry THF to yield [Cu(TETA){BH^)2M(BH^)2] type of com-
plexes. The spectroscopic data show their covalent 
nature and that the BH^ anion binds copper(II) and the 
group IV metal in a bidentate manner, adopting a C2V symm-
etry. 
In the fourth chapter the synthesis and charac-
terization of group IV metal complexes with sulphur 
containing ligands such as dithiocarbamates have been 
undertaken. Propanediamine dithiocarbamate and its metal 
complexes with MCl^ (M = Si, Ge, Sn, Ti and Zr) and Ph2SnCl2 
have been synthesized and characterized. The results 
indicate that MCl^ reacts in a 1:4 (metal : dithiocarba-
mate) ratio yielding an octahedral compound with two 
symmetrically and two unsymmetrically bound dithiocarba-
mato groups while Ph2SnCl2 reacts in a 1:1 ratio leading to 
the formation of a stable five coordinate complex with 
the phenyl groups occupying the equatorial positions. 
Pyrrolidine-N-carbodithioate and its complexes 
of the type M(TMDTC)^, MCl2(TMDTC)2 and BujSn(TMDTC)2 (M = 
Si, Ge, Sn, Ti and Zr; TMDTC = pyrrolidine-N-carbodithio-
ate i.e. tetramethylenedithiocarbamate prepared by react-
ing sodium or ammonium salt of tetramethylenedithiocarba-
mate with MCl^ in 4:1 and 2:1 ratios respectively and 
with Bu^SnCl^ were characterized by elemental analysis, 
i.r., n.m.r. and electronic spectra, cyclic voltammetry 
and conductivity measurements. These studies indicate 
that M(TMDTC)^ complexes have octahedral geometry with 
two bidentate and two unidentate bound dithiocarbamate 
moieties while MCl2(TMDTC)2 and Bu2Sn(TMDTC )2 have octa-
hedral environment with two symmetrically bonded dithio-
carbamates . 
Heterobimetallic complexes containing tetrame-
thylenedithiocarbamate of the type [Cu(TETA)Cl2M(TMDTC)2] 
have been synthesized by the reaction of [ Cu(TETA)C12MCI2] 
with the sodium salt of pyrrolidine-N-carbodithioate 
(TMDTC) in a 1:2 ratio (M = Si, Ge, Sn, Ti and Zr; TETA = 
triethylene tetramine and TMDTC = tetramethylenedithio-
carbamate). In this case, the two dithiocarbamate groups 
have been found to act as bidentate ligands towards 
VI 
the group IV metal. Conductivity measurements reveal 
their non-electrc? • i character. 
Methylene bis(piperidine dithiocarbamate) has 
been synthesized by refluxing the sodium salt of piperi-
dine dithiocarbamate in dichloromethane. An attempt has 
been made to synthesize its complexes with group IV 
metal tetrachlorides and organotin(IV) chlorides. These 
compounds were characterized on the basis of elemental 
analysis/ i.r. and n.m.r. spectroscopy / and 
conductivity measurements. The results indicate that 
the ligand acts as a chelate towards the group IV metal 
through its two terminal sulphur atoms rendering an 
octahedral geometry for the central metal atom with a 
cis configuration. 
Fifth chapter is a miscellaneous of which 
complexes of group IV metals with a variety of coordina-
ting ligands are described. The adduct SnCl2(pyridine) has 
been synthesized by treating anhydrous stannous chloride 
with pyridine in a 1:1 ratio in the presence of small 
piece of tin metal to minimize the oxidation of tin(II) 
to tin(IV). This adduct acts as a coordinating ligand 
through the free lone pair of electrons present at the 
tin atom and therefore/ its complexes with group IV 
metal tetrachlorides and organotin(IV) chlorides of the 
vii 
types [Sri2MClg(py)2] (M = Si, Ge, Sri/ Ti and Zr)/ [Sn2Ph2 
Clg(py)2] [Sn2Ph2Cl^(py)2] have been prepared by trea-
ting SnCl2(pyridine) with MCl^/ Ph2SnCl2 and Ph^SnCl in 
n-propanol in a 2:1 ratio, respectively. These novel 
compounds were characterized by i.r. spectra, Mossbauer 
spectroscopy; elemental analysis and conductivity 
measurements. A propable structure has been proposed 
in which the compounds are trinuclear and have a tin(II)-
tin(IV) bond or tin (II)-group IV metal bond. On Ithis basis 
it has been suggested that the central metal atom is 
surrounded by an octahedral environment and adopting 
a trans-configuration whilst the terminal metal atoms 
have a tetrahedral geometry. 
A number of group IV metal complexes of the type 
[MC1^L2], [Ph2SnCl2L2] / [Ph3SnClL2] and [Ph^SnL2] (M = Si, 
Ge, Sn, Ti and Zr; L = poly(4-vinyl pyridine-N-oxide)) 
have been synthesized by treating poly(4-vinyl pyridine-
N-oxide) with MCl^, Ph2SnCl2/ Ph^SnCl and Ph^Sn in a 2:1 
ratio, respectively. The results of elemental analysis, 
i.r. spectra and conductivity measurements indicate that 
the compounds are non-electrolytes. An appreciable 
decrease in the "I)N-0 has been observed in the i.r. 
spectra of the complexes suggesting coordination 
through the N-oxide. An octahedral geometry has been 
proposed for the central metal atom concomitant with 
a trans-configuration. 
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ABSTRACT 
This work deals with the synthesis and 
structural studies of (1) novel heterobimetallic 
complexes containing copper(II) and a group IV metal 
and (2) new group IV metal complexes with a variety 
of mono and multidentate ligands such as dithiocar-
bamates, tetrahydroborate anion/ SnCl2- (pyridine) and 
poly(4-vinyl pyridine-N-oxide). The main objective 
of this project is to investigate the possible 
geometries adopted by group IV metals by varying the 
type and chemical nature of ligands attached. 
There is growing awareness associated with 
electrochemical/ magnetic and spectroscopic studies 
of multimetallic complexes. Such complexes possess 
active sites in a variety of metalloenzymes and play 
a significant role in industrial catalysis. Further-
more/ this type of complex exhibits magnetic 
interactions and also serves as a model for 
metalloproteins in which biological function is 
associated with the occurrence of paired metal 
centres. A large number of transition and non-
transition metals are found in biological systems in 
which the organic moiety is inactive in the absence 
of these metals. The magnetic and spectrochemical 
behaviour of heterobimetallic complexes varies from 
monometallic/ homo- bi- or trimetallic complexes. In 
a view to provide different environments in the 
bimetallic complexes for the metal atom, one transition 
(copper) and one non-transition metals (silicon/ 
germanium, tin, titanium and zirconium) have been chosen 
for this purpose. Of course/ titanium and zirconium are 
transition metals but their tetrachlorides behave 
similar to those of group IVB metal tetrachlorides. 
Second chapter describes the synthesis and 
characterization of a variety of multimetallic complexes 
containing copper(II) and a group IV metal. 
Heterobi metallic complGXGS of th© typos [Cu (TETA ) C I ^ 
and [Cu2(TETA)2C1^M] (M = Si, Ge, Sn / Ti and Zr; TETA = 
triethylene tetramine) synthesized by treating [Cu(TETA)jCl^ 
with group IV metal tetrachlorides in 1:1 and 2:1 
ratios, respectively, were characterized by e.s.r., 
electronic and i.r. spectroscopy, elemental analysis, 
magnetic susceptibility measurements and conductivity 
measurements. The complex [Cu(TETA)Cl2SnPh2] has also been 
prepared and characterized. Another heterobimetallic 
complexes of the type [ Cu (en) 20^12^14 ] = Si, Ge , Sn , Ti 
and Zr; en = ethylenediamine) and [ Cu (en ) ] prepared 
by reacting [Cu(en)2]Cl2 with group IV metal tetrachlorides and 
dichlorodiphenyltin(lV) / respectively, were characte-
rized by similar methods. The e.s.r. spectral g-values 
11 
indicate square planar geometry for [Cu(TETA)]CI 2 and 
[Cu(en)2]Cl2 and an octahedral environment for copper(II) 
in heterobimetallic complexes. Conductivity measurements 
show [Cu(TETA)]Cl2 and [Cu(en)2]Cl2 to be ionic and the 
heterobimetallic chelates to be covalent. 
An attempt has also been made to synthesize 
heterobimetallic chelates of the type [CuLMCl^] (M = Si, 
Ge, Sn, Ti and Zr; L = NN'-ethylene bis (salicylidene-
iminate)). Complex of copper(ll) with Schiff base 
derived from the condensation of salicylaldehyde and 
ethylenediamine has been synthesized. This Schiff base 
complex was further metallated with group IV metal tetra-
chlorides yielding heterobimetallic chelates of the type 
[CuLMCl^]. On the basis of spectral data copper(ll) has 
been found to impose a square planar geometry whilst 
the group IV metal atoms have an octahedral environment 
with a cis-configuration. Conductivity measurements 
avered the non-electrolytic nature of these heterobi-
metallic complexes. 
Third chapter deals with the synthesis and 
structural studies of a tremendous number of group IV 
metal complexes with tetrahydroborate. Transition metal 
tetrahydroborates are important as precursors to solid 
metal borides, to metal hydrides as well as alkyls. From 
the structural point of view they are intriguing for 
ill 
the versatility displayed by the BH^ group in the mode of 
its ligation to the metal centre/ which may entail 
triple/ double or single hydrogen bridges. 
The complex [MLCl^] (M = Si/ Ge, Sn; L = NN'-
ethylene bis(salicylideneiminate)) reacts with KBH^ in THF 
to give [ML(BH^)2]. The results indicate that the BH~ ion 
behaves as a bidentate ligand and the central metal atom 
possesses eight coordination. The conductivity 
measurements reveal their covalent nature. Another" 
series of compounds of the types [R2Sn(BH^)2] (R = Me/ Bu/ 
Ph) and [R2Sn(BH^)] (R = Bu / E>h) have been synthesized by 
the direct interaction of R2SnCl2 and R^SnCl with excess 
KBH^ in THF/ respectively. In this case it is found that 
the tetrahydroborate group acts as a tridentate ligand 
implying eight and six coordination of the tin atom/ 
respectively. The molar conductance value ascertains 
their non-electrolytic character. 
The interaction of germanium and tin tetrachlo-
rides with an excess of KBH^ in dry THF results in the 
formation of novel compounds of the type (M = Ge/ 
Sn). The results emphasize that the compounds are non-
electrolytes and the BH'^  anion links covalently to the 
group IV metal atom in a tridentate manner. The double 
hydrogen bridging role of the tetrahydroborate group 
IV 
has been observed in the complexes/ [Sn(BH^)2(THF)] and 
[ZrO(BH^)2]/ synthesized by reacting SnCl^ and ZrOCl2 with 
KBH^, respectively. Also in this case/ the BH^ anions bourx3s 
tin and zirconium atoms covalently of which the conducti-
vity measurements reveal their non-electrolytic 
character. 
New heterobimetallic complexes containing tetra-
hydroborate have been prepared and characterized. The 
complexes [Cu(TETA)Cl2MCl2] (M = Si, Ge, Sn, Ti and Zr; 
TETA = triethylene tetramine) react with KBH^ in a 1:4 ratio 
in dry THF to yield [Cu(TETA)(BH^)2M(BH^)2] type of com-
plexes. The spectroscopic data show their covalent 
nature and that the BH^ anion binds copper(II) and the 
group IV metal in a bidentate manner, adopting a C^v symm-
etry . 
In the fourth chapter the synthesis and charac-
terization of group IV metal complexes with sulphur 
containing ligands such as dithiocarbamates have been 
undertaken. Propanediamine dithiocarbamate and its metal 
complexes with MCl^ (M = Si, Ge, Sn, Ti and Zr) and Ph2SnCl2 
have been synthesized and characterized. The results 
indicate that MCl^ reacts in a 1:4 (metal : dithiocarba-
mate) ratio yielding an octahedral compound with two 
symmetrically and two unsymmetrically bound dithiocarba-
mato groups while Ph2SnCl2 reacts in a 1:1 ratio leading to 
the formation of a stable five coordinate complex with 
the phenyl groups occupying the equatorial positions. 
Pyrrolidine-N-carbodithioate and its complexes 
of the type M(TMDTC)^, MCl2(TMDTC)2 and Bu2Sn(TMDTC)2 (M = 
Si, Ge, Sn, Ti and Zr; TMDTC = pyrrolidine-N-carbodithio-
ate i.e. tetramethylenedithiocarbamate prepared by react-
ing sodium or ammonium salt of tetramethylenedithiocarba-
mate with MCl^ in 4:1 and 2:1 ratios respectively and 
with Bu2SnCl2 were characterized by elemental analysis, 
i.r./ n.m.r. and electronic spectra/ cyclic voltammetry 
and conductivity measurements. These studies indicate 
that M(TMDTC)^ complexes have octahedral geometry with 
two bidentate and two unidentate bound dithiocarbamate 
moieties while MCl2(TMDTC)2 and Bu2Sn(TMDTC)2 have octa-
hedral environment with two symmetrically bonded dithio-
carbamates . 
Heterobimetallic complexes containing tetrame-
thylenedithiocarbamate of the type [Cu(TETA)Cl2M(TMDTC)21 
have been synthesized by the reaction of [ Cu(TETA)CI2MCI2] 
with the sodium salt of pyrrolidine-N-carbodithioate 
(TMDTC) in a 1:2 ratio (M = Si, Ge, Sn, Ti and Zr; TETA = 
triethylene tetramine and TMDTC = tetramethylenedithio-
carbamate). In this case, the two dithiocarbamate groups 
have been found to act as bidentate ligands towards 
VI 
the group IV metal. Conductivity measurements reveal 
their non-electrolytic character. 
Methylene bis(piperidine dithiocarbamate) has 
been synthesized by refluxing the sodium salt of piperi-
dine dithiocarbamate in dichloromethane. An attempt has 
been made to synthesize its complexes with group IV 
metal tetrachlorides and organotin(IV) chlorides. These 
compounds were characterized on the basis of elemental 
analysis; i.r. and n.m.r. spectroscopy , and 
conductivity measurements. The results indicate that 
the ligand acts as a chelate towards the group IV metal 
through its two terminal sulphur atoms rendering an 
octahedral geometry for the central metal atom with a 
cis configuration. 
Fifth chapter is a miscellaneous of which 
complexes of group IV metals with a variety of coordina-
ting ligands are described. The adduct SnCl2(pyridine) has 
been synthesized by treating anhydrous stannous chloride 
with pyridine in a 1:1 ratio in the presence of small 
piece of tin metal to minimize the oxidation of tin(II) 
to tin(IV). This adduct acts as a coordinating ligand 
through the free lone pair of electrons present at the 
tin atom and therefore/ its complexes with group IV 
metal tetrachlorides and organotin(IV) chlorides of the 
Vll 
types [Sn2MClg(py)2] (M = Si, Ge, Sn, Ti and Zr), [Sn2Ph2 
Clg(py)23 afx^  [Sn2Ph2Cl-g(py)2] have been prepared by trea-
ting SnCl2(pyridine) with MCl^/ Ph2SnCl2 and Ph^SnCl in 
n-propanol in a 2:1 ratio, respectively. These novel 
compounds were characterized by i.r. spectra, Mossbauer 
spectroscopy, elemental analysis and conductivity 
measurements. A propable structure has been proposed 
in which the compounds are trinuclear and have a tin(II)-
tin(lV) bond or tin (II)-group IV metal bond. On 'this basis 
it has been suggested that the central metal atom is 
surrounded by an octahedral environment and adopting 
a trans-configuration whilst the terminal metal atoms 
have a tetrahedral geometry. 
A number of group IV metal complexes of the type 
[MC1^L2], [Ph2SnCl2L2] , [Ph3SnClL2] and [Ph^SnL2] (M = Si , 
Ge / Sn, Ti and Zr; L = poly(4-vinyl pyr idine-N-ox ide)) 
have been synthesized by treating poly(4-vinyl pyridine-
N-oxide) with MCl^, Ph2SnCl2/ Ph^SnCl and Ph^Sn in a 2:1 
ratio, respectively. The results of elemental analysis, 
i.r. spectra and conductivity measurements indicate that 
the compounds are non-electrolytes. An appreciable 
decrease in the T)N-0 has been observed in the i.r. 
spectra of the complexes suggesting coordination 
through the N-oxide. An octahedral geometry has been 
proposed for the central metal atom concomitant with 
a trans-configuration. 
v i x i 


INTRODUCTION 
The idea that two metal atoms in close proximity 
could react in a cooperative manner with substrate molecules 
gave rise to binuclear system^. A major role in the 
building of binuclear complexes has been played by tertiary 
di phosphi nes , bi s(dipl-ienylphosphino) methane (dppm) being 
particularly efficient for this purpose . Substitution of 
one of the donor atoms in the dppm skeleton for a softer 
(As) or harder (N) center has been introduced to create 
3 ~8 
heterobinuclear complexes of the platinum group metals . . 
Such 1igand systems studied by Balch have led to the Q synthesis of Pt-Uh complexes having bridging ligands . 
A large number of transition metal-gold multimetallic 
complexes have been prepared containing transition metals 
such as V, Cr, VJ, Mn, Re, Fe, Ru, Os, Co, Rh, Ir, Pt and 
on 
the other hand, the synthesis and 
characterization of Pd-Au cluster compound has been 
reported^^ because Pd is a catalytically important metal 
and, Au-Pd heterogeneous catalysts are known and 
commercially used for oxidation catalysis^^. 
Heterobimetallic complexes containing both early 
electron-defficient and late electron-rich transition metals 
are of current interest for their potential Importance in 
17 18 catalysis and organic synthesis . In principle such 
complexes are able to promote activation of a substrate 
molecule by utilizing both metals; the early 
19 electron-deficient metals can act as Lewis acids while the 
late electron-rich metals could display oxidative addition, 
20 
reductive elimination and insertion reaction . Convenient 
synthetic routes to heterobinuclear species containing both 
early and late transition metals have been described 
21-23 21 recently . Stephan developed synthetic routes in which 
a functionalized early transition metal complex acts as a 
metal-containing ligand to bind to a later transition metal. 
Moreover, Faraone^^ prepared complexes containing d° (Ti(IV) 
and Zr(IV)) and d^ (Rh(I) and Ir(I)) metal centres held 
together by pyridine-3,5-dlcarboxylato ligands. 
Copper(II) complexes with various ligands derived from 
oxalates, oxamidates, oxamates (CuL) are known to act as 
25 
paramagnetic ligands towards other metal Ions . In the last 
few years they have been actively investigated especially 
when bound to paramagnetic metal ions. In particular It has 
been found that strong antiferromagnetic coupling Is 
operative when CuL is bound to metal ions (Cu^"^, Ni^"^ or 
Mn^^) in a pseudo-octahedral (square planar in the case of 
26—29 30—32 copper) environment . Kahn and coworkers have found 
that CuL can form ferromagnetic chains with Ni^^ and Mn^^, 
and that these chains can order magnetically at sufficiently 
3 3 
low temperature. Fabretti has used CuL as a paramagnetic 
ligand which forms with nickel(II) a trinuclear complex. The 
peculiarity of this compound is that the central octahedrally 
coordinated nickel(II) ion has two water molecules with cis 
confi gurati on. 
In the recent past the crystal and molecular structure 
of a very interesting binuclear compound, bis[yt^-3 ,5-bis( 2 '-
Pyridyl) pyrazolato-N^N':N^N"]-bis[dimethanolnickel (II)] 
O / 
dichl orodihydrate has been reported . Two methanol 
molecules have been shown to be bonded to each nickel (II) 
ion rendering an octahedral environment. The 3,5-bis(2-
pyridyl) pyrazol acts as a bridging ligand. 
The observation that transition metal Schiff-base 
complex (ML) (L = quadridentate Schiff base), can function 
35 
as a neutral donor ligand has led to several Investigations 
of their reactions with tin Lewis acids and to the isolation "3 t _ "3 Q 
of their adducts . Crystallographic studies have 
established the neutral donor role of the Schiff-base 
complexes in the octahedral organo-tin( IV) adducts^^""^^ The 
NN'-eithylene, benzene or propane bis (salicylideneiminato) 
copper (II) complex has been shown to act as a neutral 
ligand which binds organotln(IV) chlorides through the 
oxygen atoms in a bidentate manner acquiring 
cis-configurations'^^"'^^. The ability of cobalt-Schiff base 
complexes to bind dioxygen, in many cases reversibly, is 
well known and has been the subject of many investigations'^^'^'^ 
Such type of oxidative processes occurred when the 
cobalt-Schiff base adduct with organotin(IV) chlorides were 
synthesized. The availability of the Schiff base oxygen 
sites for participation in adduct formation has been shown 
unequivocally by X-ray crystallographic study^^. Tin(IV) 
halides may increase their coordination number to six by 
46-47 incorporating neutral donor atoms 
Transition metal tetrahydroborates command attention 
on several counts. From a practical standpoint, they are 
potentially important as precursors to solid metal 
48 49 50 borides , to metal hydrides as well as alkyls . From a 
structural standpoint, they are intriguing for the 
versatility displayed by the tetrahydroborate group in the 
mode of its ligation to the metal centre which may entail 
51 — 63 triple, double or single hydrogen bridges , or 
alternatively this ligand can bind the metal with one ( )s 
2 3 two ( ^ ) or three ( ) bridging hydrogen atoms. The 
coordination mode of one tetrahydroborato ligand can be 
related to the number of electrons it gives to the 
1 2 3 
metal ; an , or ^ coordination corresponds to a 
BH^ group acting as a 2-,4- or 6-electron donor respectively. 
The coordination mode can be simply predicted by applying 
the 18-electron rule. On this basis, a large number of 
compounds containing tetrahydroborate group have been 
synthesized in order to explore its chelating behaviour with 
the transition metals, lanthanides and actinides^^. 
/H . H / H 
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The tetrahedral BH^ anion is characterized by filled 
B-H bonding MOs (of a^ and t2 symmetry in the Td point 
group) and four vacant B-H antibondingMOs (also of a^ and 
t2 symmetry)^^. When coordinated to a metal, the local 
symmetry about the boron atom is reduced to C^v in the case 
of the tridentate and C2V, in the case of the bidentate mode 
of binding. Coordination thus lifts the degeneracy of the 
t2 sets, to a^+e in C^v and a^+b^+b2 in C2V symmetry. In the 
former case, the four occupied BH^ orbitals transform as 
2a^+e, of which the a^ orbitals may be described as a—type 
and the e orbitals are Tr~type with respect to M-BH^ 
bonding, illustrated in Fig.l. The lower la^ orbital 
interacts only poorly with the metal and remains localized 
mainly on the ligand, so that the BH^ ligand effectively 
furnishes three filled donor orbitals (a-+217) for binding 
to the metal. To a first approximation, therefore, BH^ 
resembles CI . In the bidentate mode of coordination the 
lower la^ orbital again overlaps only very slightly with the 
metal, as does one of the M-BH^ TT-orbitals (Ib^) which is 
localized on the boron and terminal hydrogen atoms. It 
Tridentate C^v Bidentate C2V 
o — 
FIG.l 
follows that the llgand now has two effective 'frontier 
orbitals (one (r-ancl one "TT-type with respect to M-BH^ 
bonding) and acts to a first approximation, as a four-
electron donor like phosphide, PR2. Fig.l represents the 
occupi ed frontier orbitals of the BH^ ligand. In the 
trldentate coordination mode, the and the le orbitals 
are effective in donating electron density to the metal, 
whereas in the bidentate coordination mode only two orbitals 
(2a^ and lb2) are effective in this way. 
Much attention has been devoted to the study of 
68~76 
dialkyldithiocarbamates and their respective complexes 
with a wide variety of cations as well as to their extensive 
applications as fungicides, pesticides, vulcanization 
accelerators, floatation agents and high pressure lubricants^^ 
Owing to their practical importance, a series of 
preparative methods were developed: for instance (a) addition 
of carbondisulphide toa Grlgnard reagent, (b) base-catalysed 
condensation of carbondisulphide with compounds containing 
active hydrogen, (c) reaction of carbondisulphide with ary] 
compounds in the presence of aluminium chloride and (d) 
reaction of aromatic aldehydes with ammonium or hydrogen 
persulphides^^. 
Dithiocarbamate ligands .ihave generally been found to 
77 78 coordinate to a transition metal as a bidentate ' or a 
79 80 monbdentate ligand ' (a and B)'. 
8 
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Each halide In R^SnCl, R2SnCl2 or SnCl.^ can be simply 
replaced by ligands such as dithiolate anions. Effective 
coordination numbers between four and six can be 
contemplated for such series of complexes in the solid 
state, depending on the nature of dithiolate ligands whether 
they behave as monodentate or bidentate donors towards the 
6 8 
tin atom . In solution the tin complex may undergo dynamic 
processes such as intermolecular ligand exchange and 
intramolecular monodentate-bidentate dithiolate ligand £ o 
exchange . Furthermore, steric and electronic effects of 
the organoyl group R substituent at tin may also influence 
the stereochemistry of the hypervalent tin(IV) complex in 
solution. The solid state structures of a number of 
triorgano and diorganotin( ou dithiolate complexes 
have been described. These structures are generally 
characterized by asymmetric coordination of the dithiolate 
to the tin atom. Accordingly, even within the fairly simple 
series derived from R^SnCl, the structure of the resultant 81 tin complex may be either five-coordinate or four-
83 coordinate . In the diorgano series the tin atom is 
84 85~89 generally five-coordinate and rarely six coordinate 
in the solid state. 
There is a paucity of data describing the stereo-
chemistry of such hypervalent tin(IV) complexes in solution. 
Tin-119 NMR spectroscopy is a particularly sensitive probe 
for determination of the coordination environment of the tin 
atom in many of its complexes. In gernal tin-119 chemical 
shifts move to lower frequency with increasing coordination 
number. Although the shift ranges are somewhat dependent on 
the nature of the substituents at the tin atom, the 
following ranges have been proposed for some tin(IV) 
dithiocarbamate complexes: -150 to -250 ppm for five-
coordinate compounds, -300 to -500 ppm for six-coordinate 
compounds, and -700 to -800 ppm for seven-coordinate 
90-95 compounds 
The tin(II) halides are well known Lewis bases^^"^^. 
There is considerable interest in the synthesis of 
transition metal-tin complexes^^"^^^ because of the use of 
such species in the catalytic transformations of organic 
compounds^^. Tin(II) compounds are often characterized by 
distorted geometries around the tin atoms caused by the 
presence of stereochemically active non-bonding electron 
108 
pairs . The most commonly observed distortion is a 
trigonal-pyramidal or square pyramidal. Evidence has been 
found to suggest that the direction in which the non-bonding 
10 
electron pair orbitals point can lead to some delocallzation 
109-112 of the electron pairs into cluster orbitals 
Stannylenes form stable adducts with hard Lewis base 
such as amines and ethers, soft Lewis bases like halides, 
hard Lewis acids like the boron halides and soft Lewis acids 
like transition metals 113-115^ Before a stannylene behaves as 
1 1 fi 
a Lewis base, it usually first behaves as a Lewis acid , 
coordinating one or two ligands, resulting in an-ultimate 
coordination number of 4 or 5 for the tin atom. Once 
stannylenes act as a Lewis acid, they become a better Lewis 
base and therefore, SnCl^ is a better Lewis base than 
SnCl2. The bonding of tin-transition metal species contains 
both q- and ~rr components. The TT'bonding can occur with any 
of the substituent groups on tin. Coordination of the tin to 
a transitioin metal removes electron density from the tin 
atom, lowering the energy of its empty orbitals and thus 
enhancing its TT-back bonding with the transition metal or 
the lone pairs of tin's substituent groups. Graham et 
^^117 118 analyzed carbonyl force constants obtained by the 
1 1 Q — method of Cotton and concluded that the SnCl^ group is a 
poor (T'-donor and an excellent TT-acceptor which has also 
1 20 
been supported by Parshall . Thus, in a simplistic manner, 
there is loss of electron at the tin atom upon coordination 
to a transition metal, or in other words the tin is oxidized 
from a covalent tin(II) to a covalent tin(IV). The formal 
oxidation state of the tin remains +2. 
11 
A compound containing Ge-Sn bond was initially 
and 
123 
1 21 122 reported by Kraus and Foster*^'^ . Much later, Oilman 
Gerow reported Ph^GeSnPh^, and Greemers and Noltes 
10/ 
reported several germylstannanes. Recently, Pannell has 
reported the compound Me2GeSnPh2. Much crystallographic data 
have been published concerning the nature of the homonuclear 
group 14 bonds, Ge-Ge^^^, Sn-Sn 128 and 
129 Pb-Pb . Reports concerning heteronuclear intra group 14 
•jf) -r -3-f f bonding have been shown such as Si-Ge , Si-Sn , Ge-Pb 
and Sn-Pb 132 
The N-oxide group of pyridine-l-oxide can behave as 
an electron donor (A and C). Many complexes of pyridine oxide 
with several metal ions have been described . Complexes of 
alkyl pyridine oxides with monosilicic and polysilicic acid 
have been studied by Holt and coworkers^^'^ who observed that 
the pyridine-N-oxide and its alkyl derivatives both behave 
as a monodentate and as a bridging ligand^^^"^^^. Metal 
complexes of poly (4-vinyl pyridine-N-oxide) have received 
little attention although some transition- metal complexes 
have been reported^^^"^^^. Complexes with silicic acid have 
140 
been studied . The results of these investigations showed 
that this polymer coordinates to transition metal chloride 
both as a monodentate ligand or as a bridging ligand 
(Fig.2). ^ X + A 
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C H A P T E R-II 
SYNTHESIS AND CHARACTERIZATION OF NOVEL 
HETEROBIMETALLIC COMPLEXES 
1. A transition metal complex as a ligand in 
the chemistry of group IV elements. 
2. New heterobimetallic complexes containing 
copper(II) and a group IV metal. 
3. Synhesis and characterization of new hetero-
trinuclear complexes containing copper(II) 
and a group IV metal. 
4. Tunable interaction of N,N'-ethylene bis-
(salicylideneiminato)copper(II) with group IV 
metal tetrachlorides. 
14 
EXPERIMENTAL 
Triethylene tetramine, ethylenediamine (Koch Light), 
salicylaldehyde (E.Merck), cupric chloride, SiCl^, GeCl^, 
SnCl^,TiCl^, ZrCl^(BDH), Ph2SnCl2(Fluka) were used as 
received. Methanol, ethanol, CHCl^ and DMSO were distilled 
and dried before use. Microanalyses of the complexes were 
done on a Carlo Erba Analyser model 1106. Molar 
conductances were measured at room temperature on a Digisun 
electronic conductivity bridge. The iR spectra (200-4000 
were recorded on a Carl-Zeiss Specotd M-80 
spectrophotometer in Nujol. The electronic spectra were 
recorded on a Shimadzu UV-vis recording spectrophotometer 
Model 60. The EPR spectra of all the complexes were 
recorded on a Bruker Scientific X-band spectrometer 
(ESP-300) using a 100 kHz field modulation and quartz 
sample tubes and the values determined were calibrated with 
DPPA powder,g=2.0036. Magnetic susceptibility measurements 
were done with a vibration sample magnetometer model 155 at 
room temperature. The estimation of chlorine was carried 
out by the usual gravimetric method. 
Synthesis of [Cu(TETA)]Cl2 
This complex was prepared by dissolving hydrated 
cupric chloride (0.01 mol, 2.42 g) in ethanol (30 cm^) with 
15 
dropwise addition of triethylene tetramlne (0.01 mol, 1.46 
cm ) . A dark blue product was formed after standing the 
mixture overnight. It was washed and recrystallized from 
ethanol and dried in vacuo. 
Synthesis of [Cu(TETA)Cl2MCl2] and [Cu(TETA)Cl2SnPh2l 
A hot ethanolic solution (15 cm^) of [Cu(TETA)]C1. 
(0.01 mol, 2.8 g) was treated with group IV metal 
tetrachlorides or diphenyltindichloride (0.01 mol). In each 
case an immediate precipitation occurred, which was washed 
with ethanol and dried in vacuo. 
Synthesis of [Cu(en)2]Cl2 
This complex was prepared by dissolving CUCI2 (0.01 
3 
mol, 1.66 g) in MeOH (30 cm ) followed by dropwise addition 
of ethylenediamine (0.02 mol, 1.2 g). The dark blue product 
which formed immediately was washed and recrystallized from 
MeOH and dried in vacuo. 
Synthesis of [Cu(en)2M2C1^] and [Cu(en)2Cl2Sn2Ph^l 
A hot MeOH solution (15 cm^) of [Cu(en)2]Cl2 (0.01 
mol, 2.54 g) was treated with group IV metal 
tetrachlorides or Ph2SnCl2 (0.02 mol). In each case the 
16 
blue solution turned yellowish green and yielded yellow 
crystals on standing overnight at room temperature. The 
products were washed with MeOH and dried in vacuo. 
Synthesis of lCu2(TETA)2Cl^M] 
A hot methanolic solution (50 cm^) of [Cu(TETA)]CI2 
(0.02 mol, 5.6 g) was treated with (0.01 mol) group IV 
metal tetrachlorides. In each case, an immediate yellowish 
precipitate appeared which was washed with MeOH and dried 
in vacuo. 
Synthesis of N,N'-ethylene bis(salicylideneiinlnate)' 
Dropwise addition of ethylenediamine (0.01 mol) was 
3 
made to a MeOH solution (15 cm ) of salicylaldehyde (0.02 
mol), maintained at 0 °C. After stirring this mixture for 
five minutes a yellow precipitate was obtained. It was 
filtered in cold and recrystallized from MeOH and dried in 
vacuo. 
Synthesis of N,N'-ethylene bis(salicylideneiininato)copper (II) 
CUCI2 (0.01 mol, 1.7 g) was added with continuous 
stirring to a solution of the Schiff base (0.01 mol, 2.68 
Q 
g) in MeOH (25 cm ). The mixture was refluxed for four hr, 
17 
when it turned black green it was cooled to room 
temperature which afforded a dark violet compound,It was 
filtered, washed with MeOH, and dried in vacuo. 
Synthesis of [N,N'-ethylene bis(salicylideneiminato)copper(II)) 
group IV metal tetrachlorides 
MCl^ (0,01 mol) (M = Si, Ge, Sn, Ti and Zr) was added 
dropwise to a solution of the copper Schiff base complex 
3 
(0.01 mol) in chloroform (50 cm ). The mixture was stirred 
for four hours at room temperature until precipitation 
occurred. It was isolated by filtration, washed with 
chloroform and dried in vacuo. 
18 
RESULTS AND DISCOSSIOH 
A variety of multimetallic compounds containing 
copper(II) and group IV metal (silicon, germanium, tin, 
titanium and zirconium ) have been synthesized and 
characterized. The reaction of copper(II) chloride with 
triethylene tetramine in ethanol yields [Cu(TETA)]Cl2 
(equation 1). Further reaction of this complex with group 
IV metal tetrachlorides or dlphenyltin(IV)dichloride in 
1:1 ratio gave heterobimetallic chelates of the type 
lCu(TETA)Cl2MCl2] and [Cu(TETA)Cl2SnPh2] in high yield 
(equations 2 and 3) (M = Si, Ge, Sn, Ti and Zr) . On the 
other hand, the interaction of [Cu(TETA)]CI2 with MCl^ in a 
2:1 ratio results in the formation of novel trinuclear 
complexes of the type [Cu2(TETA)2Cl^M] (equation 4).Moreover, 
copper(II) chloride (1 mol) reacts with ethylenediamine(2 mol) 
in methanol to yield [Cu(en)2]Cl2 (equation 5), and this 
complex acts as a ligand and further reacts with group IV 
metal tetrachlorides (and with Ph2SnCl2) to yield 
bimetallic compounds containing two group IV metal atoms 
and one copper(II) atom (equations 6 and 7) . 
CUCI2 + TETA [Cu(TETA) ]Cl2 (1) 
[Cu(TETA)]Cl2 + MCl^ [Cu(TETA)Cl2MCl2] + 2HC1 (2) 
19 
lCu(TETA) ]Cl2 + Ph2SnCl2 ^ ^ ^ ^ [Cu(TETA)Cl2SnPh2]+2HCl (3) 
2lCu(TETA)]Cl2 + MCl^ >[CU2(TETA)2C1^M] + 4 HCl (4) 
CUCI2 + 2en ) [Cu(en)2]Cl2 (5) 
[Cu(en)2JCl2 + MCl^ > [Cu (en) 2Cl2M2Cl^ ] + 4HC1 (6) 
lCu(en)2]Cl2 + Ph2SnCl2 ^^^^^^^—> ICu(en)2Cl2M2Ph^] + 4HC1(7) 
The elemental analyses are consistent with the 
formulations of the complexes [Cu(TETA)]Cl2 (Table 1), 
[Cu(TETA)Cl2MCl2] (Table 1), [Cu(TETA)Cl2SnPh2 ] (Table 1), 
ICU2(TETA)2C1^M] (Table 2), [Cu(en)2]Cl2 (Table 3), 
lCu(en)2Cl2M2Cl^j (Table 3) and [Cu(en)2Cl2SnPh^ ] (Table 3) 
(where M = Si, Ge, Sn, Ti and Zr; en = ethylenediamine and 
TETA = triethylene tetramine), The complexes are formed by 
the replacement of aminohydrogen by a group IV metal, with 
a consequent removal of HCl molecules, which has also been 
confirmed by the quantitative estimation of chlorine as 
AgCl. The high molar conductances of [Cu(TETA)]Cl2 and 
1 7 1 lCu(en)2]Cl2 in ethanol (190 ohm" cm mol" ) and methanol 
-1 2 -1 (200 ohm cm mol" ) respectively indicate their 
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1/1 
electrolytic character in these solvents , The molar 
conductance of all the multimetallic complexes measured in 
DMSO (15 ohm"^ cm^ mol"^) and in DMF (20 ohm"^ cm^ mol"^) 
i / O showed that they are nonelectroly tes . A plot of the 
o 
molar conductance versus volume of MCl^ (cm ) , for the 
conductometric titration of [Cu(en)2]Cl2 (0.01 mol) against 
MCl^ (0.02 mol) added shows two changes of gradient, 
indicating the formation of an unstable species in 1:1 
ratio which ultimately yields a stable product in 1:2 ratio 
(Fig.l) . 
Room temperature ESR spectra of the powdered samples 
of [Cu(TETA)]Cl2 and [Cu(en)2]Cl2 gave approximate g value 
with g|| = 2.09 and gj_ = 2.06 , which favours the square 
planar geometry around the copper(II) ion^^^"^^^. The 
apparent g values of all the bimetallic polycrystalline 
samples are g^ = 1.99 and gj_ = 2.07, with the average g 
values <^ g)> = (2gn + g ^ /3 = 2.04) being in accordance with 
those of typical octahedral copper(II) complexes^'^^. On 
this basis it is unequivocally claimed that the chloride 
ions present in [Cu(TETA)]Cl2 or [Cu(en)2]Cl2 coordinate 
with copper(ll) ions upon complexation with group IV metal 
tetrachlorides to produce an octahedral environment around 
the copper(II) ion. It is to be stressed that the chloride 
ions present in both the precursors, ICu(TETA)]CI2 or 
2 4 
120 
o 
X 110 
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•w 100 
c m 90 
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C 80 o u 
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[Cu(en)2]Cl2, coordinate to the cooper(II) ion while the 
group IV metal chlorines go in the filtrate as HCl. Thiis 
may be due to (a) the easy availability of the anionic 
chlorine of the precursors, which should in any case, be a 
better ligand than the covalently bonded chlorine of group 
IV metal and (b) since copper(II) achieves an octahedral 
geometry only after complexation with MCl^ or Ph2SnCl2, it 
is explicitly believed that the removal of aminohydrogen 
occurs due to the group IV metal chlorine. Otherwise, the 
chloride ions present in [Cu(TETA)]CI2 would have been 
released as HCl before its reaction with MCl^. This type of 
compounds is not enigmatic but represents unprecedented 
examples in a family of Cu(NN)2X2 chromophores that has 
retained its octahedral coordination through 
trans-1igation, despite the steric effects^^^. The proposed 
structures of all the bimetallic complexes are portrayed in 
schemes 1,2 and 3. 
The electronic spectra of the mononuclear complexes, 
[Cu(TETA)]Cl2 and [Cu(en)2]CI2, in methanol and ethanol 
respectively, show a high intensity charge-transfer band at 
247 nm, along with the ligand-metal charge-transfer band at 
304 nm. A strong d-d band at 596 nm is also observed, 
which is characteristic of square planar complexes^'^®. The 
26 
CulIl)Cl2 + C6H18N4 
+ 2HCI 
Whe 
(SCHEME 1) 
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CuClj+CeH^gN^ 
McOH 
H / I 
'NH2 
J -
C'2 
M e O H MCI/ 
Scheme 2. M = Si, Ge , Sn , Ti end Zr . 
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C u d D C I • 2 C 2 H e N 2 
MeOH 
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H2N NH2 
Cu 
H2N NH2 
CI2 
+ 4HCI • I -4HCI 
M = Si , Ge , Sn , Ti and Z r 
Scheme 3 
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electronic spectra of all the bimetallic complexes in DMSO 
also show bands at 275 nm, together with the shoulders 
assignable to intra-ligand transitions and ligand-metal 
charge transfer, which is in agreement with the observation 
made by Ahmad and R e e d i T h e d-d bands at 930 and 
at 882 nm are due to the octahedral bimetallic copper(II) 
complexes. It is known, that octahedral distortion in 
copper(II) complexes leads to the displacement of d-d bands 
to lower energies^^^. The precursors, [Cu(en)2]Cl2 and 
[Cu(TETA)]Cl2, and their polycrystalline complexes have 
approximately the same magnetic moment values (1.73-1.74 
BM) , which is characteristic of one unpaired electron. It 
indicates that there is no magnetic interaction between 
either copper(II) ion and the group IV metal or between the 
two copper(II) ions in [Cu2(TETA)2C1^M] . 
The IR spectra of bimetallic complexes compare well 
with the spectra of [Cu(TETA)]Cl2 and [Cu(en)2]CI2• The 
characteristic IR bands are given in tables 4-6. The 
primary amine stretch is located at higher frequency than 
152 
that of the corresponding secondary amine . The spectra 
of both the precursors exhibit a strong absorption band at 
3233 cm~^, ^^(N-H) , which undergoes a negative shift in the 
bimetallic complexes,(3090 cm~^), indicating the formation 
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of a group IV metol-nitrogen covalent bond. The ^(N-H) in 
the ligands,[Cu(TETA)]Cl2 and [Cu(en)2]CI2, does not shift 
after chelation with the group IV metal. Two sharp 
absorption bands (1061 and 1384 cm"^) in both the 
ligands and their bimetallic chelates are due to ">)(C-C) and 
"i)(C-N) modes, respectively. Two distinct bands appear at 
2962 and 751 assigned to -H) and CH2 rocking 
modes, respectively. The far-IR region of the spectra is 
very significant as it includes the M-N and M-Cl stretches. 
The M-Cl absorption bands are stronger and appear at lower 
wave numbers as compared to M-N absorption bands. New bands 
of medium intensity in the range 430-525 cm~^ in the 
bimetallic complexes have been assigned to •v)(M-N) . A 
distinct band appeared in the ligands and the 
heterobimetallic complexes at 405 cm"^, assigned to Cu-N 
stretching frequency. A band appeared in the complexes at 
315 cm"^, assigned to ^(Cu-Cl) , which was absent in the 
spectra of the free ligands, [Cu(TETA)]CI2 and 
[Cu(en)2]CI2. Sharp bands appeared in the complexes in the 
range 290-305 cm" ^  and are attributed to l)(M-Cl) except in 
the case of the bimetallic complexes [CU2(TETA)2C1^M], this 
band vanishes indicating the replacement of the four 
chlorines of the group IV metal. In conclusion, it is 
avered explicitly that in [Cu(TETA)]Cl2 and [Cu(en)2]Cl2, 
34 
the copper(II) ion is surrounded by a square planar 
environment whilst in the heterobimetallic complexes it 
achieves an octahedral configuration. On the other hand^the 
tetrahedral geometry of the group IV metal is maintained . 
Another variety of heterobimetallic chelates 
containing copper(II) ion and a group IV metal of the type 
[CuLMCl^] IM = Si, Ge, Sn, Ti and Zr; L = NN'-ethylene 
bis(salicylideiminate) ] synthesized by treating CuL with 
group IV metal tetrachlorides in a 1:1 ratio were 
characterized by e.s.r., electronic and i.r, spectroscopy, 
elemental analyses and conductivity measurements. The 
reaction of ethylenediamine with salicylaldehyde in a 1:2 
ratio yields the Schiff base, NN'-ethylene 
bis(salicylideneiminate) (equation 8). The interaction of 
this Schiff base with copper(II) chloride gives the 
corresponding compound NN'-ethylenebls(salicylldenelmlnato) 
coppar(II) (equation 9)\ Since this compound contains two 
peripheral oxygen atoms, it is possible that it can act as 
a ligand towards other metals. The adducts have, therefore, 
been synthesized by treating the copper Schiff base complex 
with group IV metal tetrachlorides in a 1:1 ratio in 
chloroform (equation 10). 
35 
(H2NCH2CH2NH2) + 2C7Hg02 > (CyHg)202(NCH2CH2N) (8) 
(a ) 
CUCI2 + > (CyH^)202(NCH2CH2N)Cu + 2HC1 19) 
(b) 
MCl^ + b Chloroform ^ (C^H^)2O2(NCH2CH2N)CuMCl^ (10) 
The results of analytical data (Table 7) conform to 
the compositions, CuL and CuLMCl^ (M = Si, Ge, Sn, Ti, and 
Zr; L = NN'-ethylene bis(salicylideneiminate)). All the 
adducts are air-stable and have low solubilities in 
chloroform, dichloromethane and acetonitrile. Solubilities 
in hot methanol and acetone are considerably greater. Molar 
conductance measurements of the adducts in methanol (10-15 
-1 2 -1 ohm -cm mol ) indicate their nonelectrolytic 
1/0 
behaviour 
In the copper Schiff base complex, the ligand imposes 
approximately square planar geometry about the copper(II) 
ion with the oxygen atoms locked in a 
cis-configuration^^'^^ and not adopting a bridging 
The g values obtained from the e.s.r. spectra 
of CuL and [CuLMCl^] are identical (gjj = 2.09 and gj_ = 
2.06) confirming the square planar geometry about 
144-145 copper(II) 
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The phenolic C-0 stretch of CuL (1630 cm"b shifts to 
a higher frequency region on adduct formation suggesting 
that the oxygen atoms of the copper(II) Schiff base complex 
form donor bonds to the group IV metal. All the adducts 
exhibited a broad intense band in the 300-350 cm"^ region 
which is associated with group IV metal-chlorine stretching 
frequencies (Table 8). In most cases the well-defined 
shoulders confirm the expected cis-octahedral group IV 
metal geometry. Two distinct bands at 1384 cm~^ and 1530 
cm"^ are assigned to '))(C-N) and S)(C=N) respectively. Other 
peaks observed in the spectra have been assigned to 
^(Cu-N) and "^(Cu -0) . A prominent band is observed with a 
sharp maximum in 490-510 cm'^ region attributable to 
Am-O)^^^"^^^. The important IR bands are listed in Table 8. 
The electronic spectrum of the copper(II) Schiff base 
complex in chloroform shows bands at 250 nm and 600 nm 
ascribed -to ligand to metal charge transfer and d-d 
transitions respectively, which is characteristic of square 
planar copper(II) complexes. The electronic spectra of 
adducts in methanol also showed similar bands. The 
structure proposed for the complexes, CuLMCl^ is described 
in scheme 4. 
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C H A P T E R III 
SYNTHESIS AND STRUCTURAL STUDIES CF GROUP IV METAL COMPLEXES WITH 
TETRAHYDROBORATE 
1. A route leading to a stable M-H-B unit (M = Si, Ge, Sn). The 
bidentate and tridentate behaviour of tetrahydroborate, 
2. The tridentate bonding mode of tetrahydroborate towards 
germanium and tin. 
3. The bidentate linkage of tetrahydroborate towards tin(II) and 
zirconium(IV). 
4. The bidentate behaviour of tetrahydroborate towards copper(II) 
and group IV metal in heterobimetallic complexes. 
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EXPERIMENTAL 
Ethylenediamine, triethylene tetramihe (Koch Light), 
salicylaldehyde (E.Merck), SlCl^, GeCl^, SnCl^, ZrOCl2, SnCl2, KBH^, CUCI2 
(BDH), R2SnCl2 (R = Me, Bu, Ph) and R^SnCl (R = Bu, Ph) (Fluka) were used 
as supplied. All the solvents were distilled and dried by conventional 
method before use. Microanalyses were made on a Carlo Erba analyser model 
1106. Molar conductances were measured at room temperature on a Digisun 
electronic conductivity bridge. The IR spectra (200-4000 cm~^) were 
recorded on a Carl-Ziess Specord M-80 spectrophotometer as Nujol mulls. 
Chlorine, tin and boron were estimated gravimetrically as AgCl, Sn02 and 
B2O2 , respectively. 
Synthesis of NN'-ethylaiebis(salicylidaieiininate). 
3 
A methanolic solution (15 cm ) of ethylenediamine (0.01 mol) 
o 
was added dropwise to a methanolic solution (15 cm ) of salicylaldehyde 
(0.02 mol). An immediate yellow precipitate was obtained which was 
filtered, washed and recrystallized from methanol. 
Synthesis of the complexes [MLCI2] (1) 
The Schiff base (0.01 mol) was taken in THF (20 cm^) and 
added to MCl^ (0.01 mol) (M = Si, Ge, Sn) in toluene (20 cm^). The mixture 
was refluxed with continuous stirring for two hours until a yellow product 
42 
was obtained. It was filtered and washed with toluene and dried in vacuo. 
Synthesis of the complexes [NL(BH^)2J 
To a THF (20 cm^) solution of KBH^ (0.02 mol) was added a 
Q 
chloroform solution (20 cm ) of 1 (0.01 iwal). The mixture vjas refluxed for 
four hours and cooled at room temperature when a coloured precipitate 
settled, which was washed with THF and dried in vacuo. 
Synthesis.of the conplexes [R2Si(BH^)2] [R3Sn(BH^)] 
Solid R2SnCl2 or R^SnCl (0.01 mol) (R = Me, Bu, Ph) was added 
to a THF solution (30 cm^) of excess KBH^ (0.02 mol or 0.01 mol), 
respectively. The mixture was refluxed for six hours which yielded an 
amorphous compound after cooling at room temperature which was washed with 
THF and dried in vacuo. 
Synthesis of the complexes IM(BH^)^] 
rt 
MCI, (0.01 mol) (M = Ge and Sn) was taken in a 250 cm 
3 
three-necked flask in 50 cm of THF and an excess of potassium boron 
hydride was added to it with stirring for four hours at ambient 
temperature. The fine powder obtained in each case, was filtered, washed 
with THF and dried in vacuo. 
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Synthesis of the complexes Sn(BH;^)2(THF) and ZrO(BH^)2 
Anhydrous stannous chloride (0.01 mol, 1.89 g) or Zirconyl 
chloride (0.01 mol, 1.79 g) was added to KBH^ (0.02 mol, 1.08 g) in THF (75 
cm ). The reaction mixture was stirred at room temperature for five hours 
until a precipitate was obtained. It was filtered, washed thrice with THF 
and dried in vacuo. 
Synthesis of [Cu(TETA)]Cl2 
205 The synthesis of this complex has been described earlier 
Synthesis of [Cu(TETA)Cl2MCl2l (2) (M = Si, Ge, Sn, Ti, 2r) 
These complexes have been prepared by the method detailed 
previously^^^. 
Synthesis of the complexes ICu(TETA)(BH^)2fl(BH^)2] 
o 
An excess of KBH^ was added to a THF solution (20 cm ) of 2 
(0.01 mol), and the mixture was stirred for five hours which afforded a 
coloured precipitate. It was filtered, washed with THF and dried in vacuo. 
RESULTS AND DISCUSSION 
A number of group IV metal complexes with tetrahydroborate of 
the types [ML(BH^)2] (L = NN'-ethylene bis(salicylideneiminate); M = Si, 
Ge, Sn), [R2Sn(BH^)2] (R = Me, Bu, Ph), [R3Sn(BH^)] (R = Bu, Ph) (Table 1), 
(M = Ge, Sn), lSn(BH^)2(THF)] (THF = tetrahydrofuran) , 
[ZrO(BH^)2] (Table 2) and [Cu(TETA)(BH^)2M(BH^)2] (M = Si, Ge, Sn, Ti, Zr; 
TETA = triethylene tetramine) (Table 3) have been synthesized in order to 
explore the nature and binding mode of the tetrahydroborate group. 
It is conspicuous feature that a polydentate ligand provides 
unusual stabilization of different oxidation states as well as rigid 
coordination spheres for the metal^^^"^^^. Redox reactions carried out on 
transition metal complexes lead either to a change in the oxidation state of 
the metal or to the generation of electrophilic and nucleophilic sites on 
the ligand^^^"^^^. Since a group IV metal in a low oxidation state is 
167-169 
capable to promote the coordination and the activation of small molecules, 
our interest was focussed on some precursors of low-valent group IV metal 
complexes, containing ligands such as NN'-ethylene bis(salicylideneiminate) 
(Fig.l), which stabilize various oxidation states of these metals^^^. 
The analytical data (Table I) agree well with the composition 
of the complexes as [ML(BH^)2] (M = Si, Ge, Sn, L = NN'-ethylene 
bis(salicylideneiminate)), [R2Sn(BH^)2] (R = Me, Bu, Ph), [R3Sn(BH^)] (R = 
3 
Bu. Ph). The molar conductance of 10 M solutions of the complexes at room 
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- 1 2 - 1 temperature in DMF (10-15 ohm cm mol ) fall well below those quoted for 
uni-univalent electrolytes, indicating their non-ionic nature 143 
CH2 CH2 
NN-ethylene bis (Salicylideneiminate) 
F I G U R E - 1 
[ML(fii^ )2] type 
The complex [MLCI2] reacts with a THF solution of KBH^ 
according to equation 1, yielding brown, green and yellow powders of tin, 
silicon and germanium complexes, respectively. This reaction must be 
carried out with excess KBH^ since a KBH^ : M ratio lower than 2:1 results 
in the reduction of the metal atom. 
IMLCI2J + 2KBH^ THF ^  IML(BH^)2] + 2KC1 (1) 
49 
The most sig.uficant spectroscopic information on these 
complexes comes from their IR spectra. It is well known that for 
tetrahydroborate complexes, the region 2200-2500 cm~^ is very significant 
as it gives direct information about the bonding of BH^ anion towards metal 
atoms. Incase it behaves as a tridentate donor group a single absorption 
band at 2500 cm~^ and a doublet in 2200 cm"^ range are observed while for 
bidenatate BH^ unit two doublets around 2500 cm~^ and 2200 cm"^ range 
are clearly exhibited^^. In the IR spectra of the complexes, [ML(BH^)2] (M 
= Si, Ge, Sn), strong bands occur at 2560, 2510, 2269 and 2220 cm"^. These 
are attributed to B-H stretching modes, the higher two being due to the 
terminal hydrogens, while the lower two belong to bridging ones (the 
presence of the B-H^ stretching frequency rules out the possibility of 
polymerization).The stretching bands at 1990 and 1825 cm~^ must be 
considered as asymmetric and symmetric vibrations due to the MH2 unit. The 
absence of the M-Cl band in the far IR region suggests the replacement of 
Cl~ by BH^ anion. Sharp absorption bands are observed in the 490-500 cm~^ 
range, assignable to ^(M -0). A strong band at 1520 cm""^  has been assigned 
to Ac=N), but it may be due to also. On this basis it is 
suggested that the reaction of [MLCI2] with KBH^ involves the substitution 
of CI" by BH^ followed by the ligation of BH^ to the group IV metal in a 
bidentate manner ( Fig.2 ), as is the case with AlCBH^)^^^^ jl^ g 
characteristic IR bands are listed in Table 4. Since these compounds are 
not soluble in hydrocarbons (benzene, hexane, chloroform) and they are 
50 
'CH +2 BH 4 -2CI 
M = Si,Ge and Sn 
H H 
f i g u r e - 2 
51 
decomposed by coordinating solvents (when the compounds are dissolved in 
dry DMSO, DMF, THF and CH^CN the evolution of hydrogen gas was not 
observed, but the colour of the solution changed probably indicating the 
chemical deformation of the compounds), their spectroscopic investigation 
by NMR was prevented. 
[R2Sn(BH^)2l and [R3Sn(BH^)l type 
The reaction of R2SnCl2 and R^SnCl with excess KBH^ in THF is 
represented by equation 2 and 3. All the compounds are air stable. 
R2SnCl2 + excess KBH^ ^ ^ ^ R2Sn<-BH^)2 +-2KC1 (2) 
R^SnCl + excess KBH^ ^ ^^^^^SnCBH^) + KCl (3) 
The relevant bands of the IR spectra are given in Table 4. 
Emergence of a single intense absorption at 2587 cm"^ , due to "^ (B-Hj.) is 
taken as an evidence for the presence of only one terminal hydrogen. This 
is characteristic of tridentate tetrahydroborate groups. Other features 
diagnostic of tridentate binding of the tetrahydroborate group include the 
appearance of a doublet near 2200 cm~^ and an intense band near 1200 
-1 172 — cm . Such tridentate behaviour of BH^ ' was observed in the cases of 
, and the actinide derivatives^^^ M(BH^)3 (M = Np 
and Pu). There is no sign of the features characteristic of bidentate 
OQ fO 
x; I 
c CO 
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binding, as exhibited by AlCBH^)^^^^, which provides a good grounds for 
believing that the tetrahydroborate groups are bound to tin exclusively via 
triple hydrogen bridges (Fig.3). The absorptions in the range 1000-1400 
-1 173 cm are almost certainlydue to Hj^ -B-H^  bending motion , Another band 
located near 450 cm"'^  is assigned to the deformation of the i)(Sn( 
bridges^^^. Two distinct bands at 1160 and 500 cm"\ have been attributed 
to ^(Sn-Hj^) and "O(Sn-C) with confidence. It is noteworthy that the BH~ 
ligand can display a bidentate coordination mode in which only two orbitals 
are effective in donating electron density to the metal (C2V symmetry), 
whereas in the tridentate coordination mode three orbitals are effective 
in this way (C^v symmetry). Very recently the tridentate behaviour of the 
BH^ ion has been explored in the case of TiCBH^)^^^^. It has been shown 
that the tetrahedral BH^ anion is characterized by four filled B-H bonding 
MOs and four vacant B-H antibonding MOs. When coordinated to a metal the 
local symmetry about the boron atom is reduced to C^v in the case of the 
tridentate mode, and C2V in the case of the bidentate mode of binding. 
(M = Ge, Sn) type 
The analytical data (Table 2) conform to the composition 
M(BH^)^ (M = Ge and Sn). The molar conductance of 0.001 M of the complexes 
measured at room temperature in DMF (20-30 ohm"^ cm^ mol"^) revealed their 
1 / Q 
non-electrolytic nature . AIL the compounds are air stable and soluble 
in DMF and DMSO only. 
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The reaction of GeCl^and SnCl^ with KBH^ (excess) in a 1:4 
ratio in dry THF yields Ge(BH^)^ and Sn(BH^)^ respectively (equations 
4,5). In these reactions, KBH^ is taken in excess in order to prevent 
reduction of the central atom. Reaction of this type occurs by replacement 
of CI" by BH^ and removal of potassium chloride. Analysis of the complexes 
showed the absence of chlorine which further supports the replacement 
of the chloride ion by the tetrahydroborate anion. 
GeCl^ + excess KBH^ ^^^^ Ge(BH^)^ + 4 KCl (4) 
SnCl^ + excess KBH^ ^ ^^^ Sn(BH^)^ + 4KC1 (5) 
The important IR bands of these complexes are listed in table 
5. The appearance of a single intense absorption at 2560 cm"^ , and the 
absence of any doublet near this region, can be safely attributed to the 
terminal B-H stretching frequency which supports the presence of only one 
terminal hydrogen; concomitant with the appearence of a doublet (2185-2265 
cm~^ range) which are due to "^ (B-Hi^ ), Distinct absorptions have been found 
in the 1220-1380 cm~^ range which are associated with bending. The 
band located at 420 cm"^ has been assigned to the deformation of the "i^ M 
(/^-H)2B) bridges. Another strong band observed at 1180 cm~^ has been 
assigned to Am-HJ^ ) .Moreover, the absence of "^ (M-Cl) in the 260-330 cm"^ 
region indicates the replacement of .the chlorine; by the BH^ group. On this 
basis it is concluded that in the complexes [M(BH^)^] , the 
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tetrahydroborate groups are linked to the group IV metal exclusively via 
triple hydrogen bridges (Scheme 1). Such behaviour of tetrahydroborate has 
177 
also been observed in the case of 
1511(^^)2(1®)] and [ZrO(BH^)2] type 
The elemental analyses (Table 2) are consistent with the 
formulation of the complexes as [Sn(BH^)2(THF)] and [ZrO(BH^)2]. These 
compounds are air stable and sparingly soluble in DMSO and DMF only. The 
o 1 2 
molar conductance of lO""^  M solution of the complexes in DMF (15 ohm' cm 
1 1 A3 mol" ) showed their non-electrolytic behaviour , The reaction of 
anhydrous stannous chloride or zirconyl chloride with KBH^ in 1:2 ratio in 
dry THF results in the replacement of Cl~ by BH^ . anion and coordination of 
one tetrahydrofuran molecule to the , tin(II) atom (equations 6,7) .The 
absence of chlorine was ascertained by quantitative estimation which 
supported the substitution of chloride ion by the tetrahydroborate anion. 
SnCl2 + 2 KBH^ I^L^ [Sn(BH^)2(THF) ] + 2KC1 (6) 
ZrOCl2 + 2KBH^ ^ ^^^ [ZrO(BH^)2] +"2KCl (7) 
The IR spectrum is a significant spectroscopic method for 
characterizing the synthesized compounds and for determination of the 
bonding mode of BH^ anion. The relevant IR bands are given in Table 5. Two 
li 
doublets observed at 2560, 2509 and 2262, 2202 cm'-^  have been attributed 
to terminal and bridging B-H stretching frequencies, respectively. Two well 
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defined absorptions have been observed at 1970 and 1825 cm"^ 
assignable to asymmetric and symmetric vibrations of MH2 (M = Sn(II), 
Zr(IV)). The absence of the "^(M-Cl) indicates the replacement of the Cl' 
by BH^ anion. It is therefore proposed that the reaction of SnCl2 or ZrOCl2 
with KBH^ involves the substitution of chloride ion by tetrahydroborate 
group followed by the ligation of BH^ to the central metal atom as doubly 
hydrogen bridge ( Scheme 2), as has been observed in the case of 
( (Ph3P)2CuBH^^^^, (Cy3P)2Co(H)BH^^®°, and 
C 1 Ql 
-C3H3)2NbBH^ . There is no sign in the IR spectrum characteristic of 
tridentate binding which favours the bldentate behaviour of the 
tetrahydroborate towards tin(II) and zirconium(IV) atoms. 
[Cu(TErA)(BH^)2M(BH^)2] type 
The analytical data (Table 3) tally well with the formulation 
of the complexes as [Cu(TETA) (BH^)2M(BH^)2] (M = Si, Ge, Sn, Ti and Zr; 
_3 
TETA = triethylene tetramine).The molar conductances of 10 M solutions of 
1 2 1 the complexes in DMF (20-25 ohm" cm mol~ ) reveal their non-electrolytic 
1 / Q 
nature . The complexes [Cu(TETA)Cl2MCl2] (the synthesis of these 
205 
complexes and their characterization have been described earlier ) react 
with an excess of KBH^ in THF (equation 8) to yield 
[Cu(TETA)(BH^)2M(BH^)2]. In these reactions, the chloride ions are 
replaced by the tetrahydroborate groups liberated from KBH^ which has been 
confirmed by a negative assay of chlorine. 
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[Cu(TETA)Cl2MCl2] + excess KBH^ [Cu(TETA) (BH^)2M"(BH^)2] + AKCl (8) 
where M = Si, Ge, Sn, Tx and Zr. 
The important IR bands of these complexes are listed in table 
6 . The IR spectra of all the compounds exhibited four sharp bands at 2566, 
2502,2253 ,and 2211 cm"^, which are assigned to the B-H stretching, 
frequencies The focmer two as a doublet correspond to the terminal 
hydrogens while the latter doublet (2253 and 2211 cm"^) belongs to the 
bridging hydrogens. The asymmetric and symmetric vibrations of MH2 unit 
have been observed at 1982 and 1841 cm" . The absence of the 
and u-Cl) absorption bands in the far IR region also support the 
replacement of the Cl~ by the tetrahydroborate group. On the basis of these 
results it is concluded that in these reactions, the BH^ anion replaces 
Cl~ ion and similtaneously ligates to the copper(II) and the group IV 
metal in a bidentate manner (scheme 3). These observations are in 
178-181 
consonance with the results reported for Cu, Co, Ti, and Nb ~ .It is 
therefore,concluded that the tetrahydroborate groups are bound to 
copper(II) and the group IV metal exclusively via double hydrogen bridges 
(scheme 3). 
It is concluoed that the tetrahydroborate group acts as 
a bidentate ligand in the complexes. [ML(BHp2]' [Sn(BH^)2(TKF) ], [ZrO(BH^)2] 
and [Cu(TETA)(BH^)2M(BH^)2j adopting a C2V symmetry. On the other hand,it 
assumes C^v symmetry when coordinated to the central metal atom in 
a tridentate manner in the complexes, [R2Sn(BH^)2], [R2Sn(BH^)] and 
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EtCH MCI 
CI 
+ 2 H C I 
THF Kffij 
M = S i , Ge, Sn, Ti , and Zr 
Scheme 3 
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C H A P T E R-IV 
GROUP IV METAL COMPLEXES WITH SULPHUR C30NTAINING LIGANDS 
1. Group IV metal complexes with the dithiocarbamate ligand 
derived from propanediamine. 
2. Synthesis and characterization of pyrrolidine-N-carbodithioate 
and its group IV metal ccwiplexes. 
3. Synthesis, characterization and reactivity of new 
heterobimetallic complexes. 
4. A stable eight membered ring : Interaction of methylene 
bis(piperidine dithiocarbamate) with group IV metal 
tetrachlorides and organotin. 
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E3(PERIMENTAL 
1,3-Diaminopropane, carbon disulphide, SiCl^, GeCl^, SnCl^, 
TiCl^, ZrCl^, CUCI2, ammonium tetramethylenedithiocarbamate, 
pyrrolidine (BDH), piperidine, Ph^Sn (Fluka), sodium hydroxide 
(Riedel), triethylene tetramine, Ph2SnCl2, Bu2SnCl2, Ph^SnCl (Koch 
Light) were used as obtained. The IR spectra (200-4000 cm~^) 
were recorded on a Beckman spectrophotometer as nujol mulls and on a 
Specord M-80 Carl-Zeiss spectrophotometer. The conductivity 
measurements were carried out at room temperature on an Elico 
conductivity bridge type CM-82T. The UV-visible spectra were recorded 
on a Spectronic 21 spectrophotometer. Microanalyses of the complexes 
1 -3 1 
were performed on a Carlo Erba analyser model 1106. The C-[ H] NMR 
spectra were recorded in dichloromethane at 24.99 MHz using TMS as an 
internal standard. The differential pulse voltammograms were recorded 
with a Princeton Applied Research (PAR) instrument using glassy carbon 
electrode vs Ag/AgCl and tetrabutyl ammonium perchlorate as supporting 
electrolyte in dichloromethane. Chlorine and tin were estimated 
gravimetrically. All the solvents were distilled and dried by 
conventional methods before use. 
Synthesis of sodium l,3-dlaniltx)propane dlthiocarbamate (PDTCNa) 
3 3 
1,3-Diaminopropane (0.1 mol, 9.7 cm ) in 100 cm methanol was 
kept in an ice bath at 10°C and carbon disulphide (0.2 mol, 12 cm^) was 
66 
slowly added followed by the addition of NaOH (0.2 mol, 8 g) dissolved 
in the minimum quantity of water. This mixture was stirred for four 
hours until a white precipitate was obtained which was filtered and 
washed with alcohol and dried in vacuo. 
Synthesis of M(PDTC)^ and Ph^SnClCPDTC) (M = Si, Ge, Sn, Ti, Zr, PDTC = 
1,3-diaminopropane dithiocarbaniate) 
The complexes were synthesized by mixing (0.01 mol ) of a 
hot methanolic solution (30 cm^) of MCl^ or Ph2SnCl2 (0.01 mol, 3.43 g) 
and the ligand, PDTC, (0.04 mol, 6.84 g), (0.02 mol, 3.42 g), 
respectively, with continuous stirring over a period of half an hour. 
The precipitates thus obtained were filtered, washed with alcohol and 
dried in vacuo. 
Syntheis of MCl2(TMDTC)2 CIMDTC = Pyrrolidine-N-carbodithioate) 
A hot solution of MCl^ (0.01 mol) (M = Si, Ge, Sn, Ti, or Zr) 
in methanol (15 cm ) was added to a hot solution of ammonium 
tetramethylenedithiocarbamate (0.02 mol, 3.28 g) in the same solvent 
3 
(15 cm ). The mixture was refluxed with stirring for about four hours 
and left overnight which afforded a crystalline precipitate. It was 
washed thrice with methanol and dried in vacuo. 
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Synthesis of M(TMDTC)^ (TMDTC = Pyrrolidine-N-carbcxlithioate) 
A solution of MCl^ (0.01 mol) (M = Si, Ge, Sn, Ti or Zr) in 
3 
methanol (50 cm ) was added to a mixture of pyrrolidine (0,04 mol, 3.2 
o 3 
cm ) and carbondisulphide (0.04 mol, 3.0 cm ) which yielded an 
immediate precipitate in the case of Sn, Ti and Zr; and for M = Si and 
Ge, the precipitate appeared only after the reaction mixture was left 
overnight. The compounds were filtered, washed with methanol and dried 
in vacuo. 
Synthesis of Bu2Sn(TMDTC)2 (TMDTC = pyrrolidine-N-carbodithioate) 
This was prepared by two methods : 
(a) Substitution method 
A mixture of ammonium tetramethylenedithiocarbamate (0.02 mol, 
3.28 g) and Bu2SnCl2 (0.01 mol, 3.03 g) in methanol (25 cm^) was 
refluxed with stirring for about four hours and left overnight. Brown 
crystals were obtained from this deep red mixture. The product was 
filtered from the mother liquor and dried in vacuo. 
(b) Insertion method 
This method is generally employed where sodium salt of the 
dithiocarbamate is not formed or the yield of the corresponding metal 
chelate is scanty. Here a mixture of carbondisulphide (0.02 mol, 1.5 
3 3 cm ) and pyrrolidine (0.02 mol, 1.6 cm ) was added to Bu2SnCl2 (0.01 
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3 mol, 3.03 g) in hot methanol (25 cm ) and stirred for about 30 minutes 
at room temperature. On standing the contents for about twelve hours a 
thick precipitate was obtained. It was washed with methanol and dried 
in vacuo. 
Synthesis of sodium salt of piperidine dithlocarbamate (PIDTCNa) 
3 
Carbondisulphide (0.01 mol, 0.6 cm ) was added to an ethanolic 
solution (20 cm^) of piperidine (0.01 mol, 1 cm^) maintained at 10°C. 
To this mixture, NaOH (0.01 mol, 0.4 g), dissolved in minimum quantity 
of water, was added. It was stirred for four hours which yielded a 
white crystalline compound. They were filtered and recrystallized from 
absolute ethanol and dried in vacuo. 
Synthesis of methylene bis(piperidine dithiocarbamate) (MBPDTC) 
The sodium salt of piperidine dithiocarbamate (0.01 mol, 1.82 
g) in methylene dichloride (70 cm ) was heated under reflux for 10 
hours until the solution turned yellow. A small amount of colourless 
residue (NaCl) settled at the bottom was discarded A white solid was 
obtained after standing the solution for three hours. It was 
crystallized from a mixture of dichloromethane and n-hexane to yield 
colourless needle-shaped crystals. 
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Synthesis of MCl^(MBPDTC), Ph2SnCl2(MBPDTC), Ph^SnClCMBPDTC) and Ph^Sn 
(MBPDTC) (MBPDTC = methylene bis(piperidine dithiocarbamate)) 
Methylene bis(piperidine dithiocarbamate) (0.01 mol, 3.34 g) 
dissolved in n-hexane (20 cm ) was added to an ethanolic solution of 
MCl^, Ph2SnCl2, Ph^SnCl or Ph^Sn (0.01 mol) (M = Si, Ge, Sn, Ti or Zr) 
and refluxed for four hours whenaniamorphous compound in each case was 
precipitated. It was filtered, washed with n-hexane and dried in vacuo. 
Synthesis of [Cu(TETA)]Cl2 and [Cu(TETA)Cl2MCl2] 
These compounds were synthesized by the method reported 
earlier205. 
Synthesis of [Cu(TETA)Cl2M(TMDTC)2l (IMDTC = tetramethylenedithiocarbamate, 
TETA = triethylene tetramine, M = Si, Ge, Sn, Ti, Zr) 
Ammonium tetramethylenedithiocarbamate (0.02 mol, 3.28 g) 
dissolved in methanol (.15 cm^) was added to [Cu(TETA)Cl2MCl2] (0.01 
mol) dissolved in the minimum quantity of DMSO. The mixture was refluxed 
for ca 8 hours and kept overnight in a refrigerator which yielded a 
precipitate. It was washed with methanol and driud in vacuo. 
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RESULTS AND DISCUSSION 
A large number of group IV metal dithiocarbamates of the 
type M(PDTC)^, Ph2SnCl(PDTC) (PpTC = 1 ,'3-diaininopropane dithiocarbamate 
; M = Si, Ge, Sn, Ti and Zr), M(TMDTC)^, MCl2(TMDTC)2, Bu2Sn(TMDTC)2 
(TMDTC = tetramethylenedithiocarbamate ; M = Si, Ge, Sn, Ti and Zr), 
MCl^(MBPDTC), Ph2SnCl2(MBPDTC), Ph^SnCl(MBPDTC), Ph^Sn(MBPDTC)(MBPDTC = 
methylene bis (piperidine dithiocarbamate); M = Si, Ge, Sn, Ti and Zr), 
and [Cu(TETA)Cl2M(TMDTC)2] (M = Si, Ge, Sn, Ti and Zr; TETA = 
triethylene tetramine and TMDTC = tetramethylenedithiocarbamate) have 
been synthesized and characterized. 
M(PDTC)^ and Ph2SnCl(PDTC) type 
A metal dithiocarbamate may convenietly be synthesized 
either by insertion or by a substitution reaction. Since the sodium 
salt of the 1,3-diaminopropane dithiocarbamate (PDTC) was readily 
synthesized, the metal chelates were prepared via the second route. It 
was observed that the reaction of 1,3-diaminopropane with carbon 
182 
disulphide (CS2) is similar to that of hydrazine in the sense that 
only one NH2 group of the 1,3-diarainopropane reacts with CS2 
In no case was propanediamine bis(dithiocarbamate) obtained. The 
complexes are only sparingly soluble in DMSO, DMF and THF. The molar 
-3 1 2 conductance of 10 M solutions of the complexes in DMSO (9.5 ohm cm 
1 1 A3 mol" ) showed that they are non-electrolytes , The elemental analyses 
(Table 1) suggest that MCl^ reacts with the ligand in a 1:4 ratio 
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(equation 1) whereas Ph2SnCl2 reacts in a 1:1 ratio (equation 2). 
(PDTCNa) 
The reactions of the MCl^ and Ph2SnCl2 with the ligand (PDTC) depends 
on the number of halides attached to tin atom. 
4 PDTCNa + MCl^—y M(PDTC)^ + 4 NaCl (1) 
PDTCNa + Ph2SnCl2 Ph2SnCl(PDTC) + NaCl (2) 
(where M = Si, Ge, Sn, Ti and Zr; PDTC = propanediamine dithiocarbamate) 
It is well known that a symmetrically bound 
dithiocarbamate exhibits only one band at about 1000 cm"^ and that the 
splitting of this band (1000 + 70 cm~^) indicates the presence of 
183 184 
unsymmetrically bound dithiocarbamate . Table II lists the 
characteristic infrared frequencies for the ligand and its complexes. 
In the case of M(PDTC)^, two absorption bands were observed in the 
region 1000 + 70 cm"^ . It is quite likely that one of these two bands 
is due to symmetrically bonded dithiocarbamate which is overlapping 
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with the split bands assignable to the unsymmetrically bonded 
dithiocarbamate. The metals in these conplexes, have around them, an 
octahedral geometry with two symmetrically and two unsymmetrically 
bound dithiocarbamato moieties. Bonding of such type has been observed 
185 
in a variety of tranistion metal dithiocarbamates . Vaciago and 
186-187 
Venanzi have have established, by x-ray structural analysis, 
that Ru(S2CNEt2)3 contains three bidentate ligands, whereas 
Ru(NO)(S2CNEt2)3 contains two bidentate and one unidentate dithiocarba-
mates groups 
The thioureide band characteristic of dithiocarbamates 
appeared at 1480 cm"^ which is intermediate between a C=N band 
(1690-1640 cm"b and a C-N band (1360-1250 cm"b indicating a partial 
double bond character between carbon and nitrogen. Two distinct bands 
at 3309 cm"^ and 1556 cm"^ have been assigned to "»^ (N-H) and NH2 
bending modes, respectively. 
It was interesting to note that Ph2SnCl2 reacted with 
propanediamine dithiocarbamate (PDTC) only in a 1:1 molar ratio. Its 
infrared spectrum exhibits only one sharp band at 996 cm~^ assigned 
to "i)(C=S), suggesting the bidentate chelation of the ligand and 
rendering the metal five-coordinate. Such five coordinate 
organometallic dithiocarbamates of group IV metals are not 
68,188/207 , . .-, r. ,. . . uncommon ' • A similar five-coordinate organozirconium 
189 dithiocarbamate has been reported and examples of five coordinate 
75 
transition metal dithiocarbamates have also . been encountered by 
1 90 
McCleverty and Venanzi . It is therefore, suggested that the 
compound Ph2SnCl(PDTC) has a trigonal bipyramidal geometry as shown 
in Figure 1, since the two bulky phenyl groups attached to the tin 
atom are unlikely to be in axial positions. This configuration 
resembles the molecular structure of trichlorodimethyltin anion in 
[(CH2)2SnCl(terpyridyl)]'^l(CH3)2SnCl3] determined by x-ray 
crystallographic analysis, in which the methyl groups are located in 
191 192 equatorial positions . Moreover, Honda and Tanaka have confirmed 
the trigonal bipyramidal structure of the complex Me2SnX(DTC)(X = 
CI,Br, I) with both the methyl groups in equatorial positions. 
H5C6 
H5C6 
Fig. 1 
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The electronic spectra in the region 200-900 nm were 
measured in DMF. Table II shows that all the compounds have one 
^ .V 193-194 
intense band at 275 nm which is due taligand transitions (Ti —^U ) 
M(TMDTC)^,MCl2(TMDTC)2 and Bu2Sn(TMDTC)2 type 
Since a metal .dithiocarbamate may be synthesized by 
insertion or by substitution reaction, they have been prepared via 
both the routes (equations 3-6). The elemental analyses (Table III) 
are consistent with the formulations of the complexes as 
M(TMDTC)^,MCl2(TMDTC)2 and Bu2Sn(TMDTC)2 (where M = Si, Ge, Sn, Ti or 
Zr; TMDTC = tetramethylenedithiocarbamate). All the compounds are 
soluble in most of the common organic solvents. Their molar 
3hm~ 
143 
1 2 1 conductances in nitromethane (20-30 o  cm mol ) showed their 
non-electrolytic nature in this solvent 
Method I (Insertion reaction): 
MCl^ + 4 pyrrolidine + 4 CS2—>-M(TMDTC)^ + 4 HCl (3) 
Bu2SnCl2+2 pyrrolidine + 2 CS2-> Bu2Sn(TMDTC)2 + 2HC1 (4) 
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Method II (substitution reaction): 
MCl^ + 2TMDTC(NH^) — » MCl2(TMDTC)2 + 2NH^C1 (5) 
Bu2SnCl2 +2TMDTC(NH^)->-Bu2Sn(TMDTC)2 + 2NH^C1 (5) 
(where M = Si, Ge, Sn, Ti or Zr; TMDTC = tetramethylenedithiocarbamate 
and TMDTC(NH^) = ammonium tetramethylenedithiocarbamate). 
The assignment of the infrared spectral bands of metal 
dithiocarbamate can be made with confidence^^^"^^^. If the 
dithiocarbamate group acts as a bidentate chelating agent, as in 
[Zn(S 2(NEt2)2] single strong,band around 1000 cm~^ is observed 
whereas a doublet occurs in the same region for unidentate 
dithiocarbamate group. The spectra of the compounds MCl2(TMDTC)2 and 
Bu2Sn(TMDTC)2 display a strong band at about 1000 cm~^ indicating 
chelation of the dithiocarbamate^ligand.However, M(TMDTC)^ exhibited 
splitting of the S2CN band (960-1030 cm'b indicating the presence 
of both unidentate and bidentate dithiocarbamate ligands. It is, 
therefore, suggested that the M(TMDTC)^ complexes are octahedral with 
two bidentate and two unidentate ligands, whereas MCl2(TMDTC)2 and 
Bu2Sn(TMDTC)2 are octahedral with only two symmetrically bonded 
dithiocarbamate moiety. The characteristic bands of the complexes are 
listed in table IV. 
The thioureide band (near 1500 cm~^) is very 
characteristic of the dithiocarbamate and indicates considerable 
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double bond character in the S2C—N bond. A very prominent S 2 C — N 
band in the 1460 - 1490 cm~^ region indicates that resonance form I 
194 
is predominant in pyrrolidine-N-carbodithioate. Metal sulphur 
stretching frequencies are expected to be in the region 300-450 cm~^. 
Since the compounds had a strong band in the region 320^330 cm']^ , they 
are assigned to "^ (M-S), A very distinct band was observed at 360 cm~^ 
which is ascribed to "i^ CM-Cl) . 
Form I 
13 1 
The C-[ HjNtlRV^p^ctrumiDfpyrrolidine N-carbodithioate, 
in dichloromethane exhibits a singlefc.at45.2 ppm due to the carbon atom 
of the dithiocarbamate moiety. After complexation with group IV 
metals, a downfield shift occurs and the singlet lies in the range 
50.5-51.3 ppm in all the complexes indicating the chelation of the 
sulphur atoms of the dithiocarbamate group (Table V). However, the 
ligand exhibits two more singlets in the region 156-160 ppm due to two 
197 198 
types of carbon atoms " in each, ring which remain uneffected 
after chelation suggesting that the pyrrolidine nitrogen does not take 
part in coordination. 
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The electronic spectra were recorded in dichloromethane 
and showed a high intensity charge transfer band (319-337 nm, i = 
2500) along with a shoulder in the range 353-356^^^'^^ nm. 
The cyclic voltammetry, D.C. polarogram and differential 
pulse voltammogram of the complexes were carried out in 
dichloromethane at glassy carbon electrode vs Ag/AgCl using tetrabutyl 
ammonium perchlorate as a supporting electrolyte. All the complexes 
showed Irreversible behaviour and their IV/II reduction potential lies 
in the range -1.20 to - 0.71 volts which suggest that the compounds 
undergo two electron irreversible reduction processes and, therefore, 
M(IV) is the prominent form (Table V). All the values obtained are 
201-203 consistent with previous reports. 
[Cu(TETA)Cl2M(TMDTC)2] type 
The complexes of the type [Cu(TETA)Cl2MCl2] react with 
sodium tetramethylenedithiocarbamate in a 1:2 ratio in DMSO (equation 
7) to yield brown air stable compound corresponding to the composition 
[Cu(TETA)Cl2M(TMDTC)2] (M = Si, Ge, Sn, Ti or Zr; TETA = 
triethylene tetramine; TMDTC = tetramethylene dithiocarbamate), 
[Cu(TETA)Cl2MCl2] + 2(TMDTC)Na —»[Cu(TETA)CI2M(TMDTC)2] + 2NaCl (7) 
The analytical data (Table VI) conform well to the composition of the 
CO (U X <u 1—I 
I 
o •H rH I—I 
CO 
<u E 
• T H 
u (U 
4-1 ^ 
0) x: 
o 
•TJ I—I 0) •r-( 
'Q 
M 3 O 
C 
• T H 
a 
Q> s: 
CO 
4-1 
CO 
CO o 
CO 
^ 
vo 
0) 1—1 XI 
B-S o o In b-i^ 
Sif o o 
^ p c3 
•H 4-1 
4-« C ^ t—I -H O 
o 
<U o-•HS^  
-o c 
a e 5 
^ o cNi <r 
m 
C M O-J 
o vo 
C M C O vo ON •r-t o CO v£> 
T-t t-H CTV CO ao CNI CM ^ t-H rH ^ 
vo 00 • * 
CN O 
CSI CM O 
<r <r CO CO 
G^  o • • 
O rH 
C3> O 
CO <6 
r-i CO 
oo r^ 
• • o o 
CXJ 
CO CO 
iTi r^  oo VD CM cx> CM O CTi to m 1-1 
CM CM o O CM CN CN CN 
O <r CM 
m <r CM 
m m 
CM T-i CN 
o o CM CM 
(S • • 
00 ( cr> ( 
m ir> to CO 
CJ\ <Tl tH r-l 1-1 t-4 CM CM 
CN CO CM 
in vo 
CN CN r—1 CN 
^ o H y Q Q Q S S s E- H H V—/ •rH <U C C/5 O CO CN OsJ CM r—1 1—1 rH CJ u CJ 
< < < 
a s a H H H v-x 
O 3 a 
CM 
H CN rH O < 
a ^^  
D O 
CN^ rHCO 
t-ll-H 
\0 t^  • • o o 
/-N /-s ITI CN CM tH CO CO m m 
O CD rH 1-1 o d iH 1-1 l-t rH i-trH 
CTvCM VOVO 
CO CO coco 
CMCO 
OC3> CM 1-1 
CM 
rH rH r-l 1 rH rH r-l t-l rH rH 0) 0) (U <U (U >-l >H 
m vO 
83 
CO 
il o 
w CO 
<N O O 
CO 
O 
CO 
VO ON cy> 
CO I 
s: 
Cfl CO CO CO CO 
O LO o O 00 C30 CX3 CO cr\ CX) CO CO CO CO CO 
o I s: 
I s: 
t o 
o 
CO 
cs 
<r 
CO 
o LTi 
CO 
in <N m 
e : I 
g 
CO s 
CO 
s PM 
o I 
3 
s B S S a 
LTl LO m m 1—1 T—( CO CO CO CO CO 
5 
CO CO CO CO CO 
CO to in o CM o o O o o <r <r <r 
X 
I z 
s a S S a 
o o 1-1 O o 1—1 1—1 1-1 TH t-H 1—1 1-H TH rH CO en CO CO CO 0) 
X) p CO 8 •H -C 
I 
f-l cvj 
H 
CNJ 
O 
S H 
O 
CN| 
a H Q s H —' 
<U 
(N 
O < 
D CJ 
CN 
o 
s H 
c CO CM ,—I o 
/•—s < 
5 
CM 
S H 
C^M 1-4 o < 
3 
J 
£1 •u 0) c •M CO M 4J (U E-i 
o 
X 
z 
/N + 
85 
M 1 Qt 
JZ o 
s t-
vt 
X 
+ 2 
fM to o 
2 
PM X o 
TJ 
u o 
N 
L. o 
c CO «« 
0* o 
(a 
li 
LU 
UJ X 
rx + 
_rg 
O 
"S. 
o < 
H-
UJ 
a* i-
3 C_J 
86 
_3 complexes. The molar conductances of 10 M solutions of the complexes 
- 1 2 - 1 
measured in DMF (20-30 ohm cm mol ) reveal their non-electrolytic 
nature. 
On the basis cf a single sharp absorption band appearing 
in the IR spectra at 1002 cm"! in all the complexes/it has been 
concluded that the dithiocarbamate group acts as a bidentate chelating 
agent rendering the metal six coordinate (scheme 1). The thioureide 
band characteristic of dithiocarbamates appeared at 1490 cm"^ 
indicating a partial double bond character between carbon and 
nitrogen.The •i)(M-S) has been observed in 380-390 cm"^ (Table VII). 
[MCl^(MBPDTC)], [Ph2SnCl2(MBPDTC)], [Ph^SnCKMBPDTC) ] and 
[Ph^Sn(MBPDTC)] types (M = Si, Ge, Sn, Ti and Zr; MBPDTC = methylene 
bls(piperidlne dithiocarbamate)) 
Methylene bis(piperidine dithiocarbamate) has been 
synthesized by refluxing sodium piperidine dithiocarbamate in 
on/ 
dichloromethane (equation 8) . 
(CH2)5NCS2Na (CH2) jqN2C2S^CH2 + 2 NaCl (8) 
The MBPDTC was dissolved in h-hexane and refluxed with group IV 
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metal tetrachlorides, diphenyltin(IV) dichloride, triphenyltin(IV) 
chloride or tetraphenyltin(IV) for few hours when an amorphous powder 
settled after standing the reaction mixture overnight (equations 9-12). 
MBPDTC + MCl^  n-hexane ^ [mcI^ (MBPDTC)] (9) 
MBPDTC + P h 2 S n C l 2 — ^ [ Ph2SnCl2(MBPDTC) ] (10) 
MBPDTC + Ph^SnCl ^^  > [Ph^SnCl (MBPDTC) ] (11) 
MBPDTC + Ph^Sn ^ > [ Ph^Sn(MBPDTC) ] (12) 
(where M = Si, Ge, Sn, Ti and Zr; MBPDTC = Methylene bis (piper idine 
dithiocarbamate). 
The analytical data (Table 8) conform to the composition 
of the complexes. They are soluble in DMSO, DMF and THF. Conductivity 
-3 1 measurements of 10 M solutions of the complexes in DMF (20-35 ohm" 
2 - 1 cm mol ) revealed their non-electrolytic nature. 
The IR spectroscopy provides sufficient information 
about the M-S bond (Table 9) .The ligand exhibits a very sharp peak at 
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1000 cm"^ due to •))(C=S) whereas the C-S stretching frequency appears 
at 910 cm^. A distinct band observed at 1300 cm"^ is attributable to 
V(C-N). A sharp and prominent absorption band is observed at 1490 cm"^ 
which is intermediate between T ) (C-N) and " I )(C=N). This is indicative of 
the presence of a partial double bond character which is represented 
as "T^CCimrN). Such observation has been made in a variety of metal 
dithiocarbamates. A comparison of the IR spectra of the complexes with 
that of the free ligand showed a negative shift of about 50 cm~^ in 
'l)(C=S), suggesting the coordination of the terminal sulphur atom to the 
metal. This decreases the electron density at sulphur,(C=S), with 
a consequent decrease in the ) ) (C=S ) . The other bands corresponding to 
-N) and '^(C-S) remain uneffected. It is obvious (scheme 
2) that the C-S does not have any access to binding and hence it is 
not influenced even after complexation. The new bands observed in the 
far IR region (390-350 cm~^) have been assigned with confidence to ' 
-j)(M-S). The '0(M 
-Cl) appears as a distinct band in 300-260 cm~^ range. 
It is known that for a cis-configuration more than one M-Cl bands 
appear in 260-330 cm"^ region whilst the presence of only one band in 
same range corresponds to trans-configuration. Fortunately three M-Cl 
bands have been observed in the present case which implies that the 
compounds have a cis-configuration (scheme 2). 
The ^H NMR spectra of the ligand and the ccanplexes are 
identical as there is no significant change in the environment around 
^ 
J 
N H + CSj 
A 
N C^  
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protons. In the ligand, there are three types of CH2 groups, 
therefore, three different signals are anticipated at different ^ 
values. A singlet is observed at ^ 1.66 ppm due to CH2 groups of the 
piperidine ring, while a broad singlet observed at ^4.02 ppm is 
assigned to the CH2 group adjacent to the nitrogen atom in the ring. 
Another singlet at ^ 5,3 has been identified as methylene proton signal 
(methylene proton group attached to sulphur atoms). The % NMR spectra 
of the complexes is not altered. On this basis it is claimed that the 
ligand, methylene bis(piperidine dlthiocarbamate) acts as a chelate 
through its two terminal sulphur atoms leading to the isolation of 
eight membered ring of group IV metal complexes (scheme 2). 
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CHAPTER V 
Miscellaneous : 
(a) Formation of Sn(ll) ;^M(IV) metal donor-acceptor 
bonds (M = Si, Ge, Sn# Ti and Zr). 
(b) Poly(4-vinyl pyridine-N-oxide) as a ligand: its 
complexes with group IV metal tetrachlorides and 
organotin(IV) chlorides. 
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Formation of Sn(Il) >M(IV) metal donor-acceptor bonds 
(M = Si/ GCf Sn, Ti and Zr) 
EXPERIMENTAL 
MC1^(M = Si, Ge, Sri/ Ti and Zr) (BDH), Ph2SnCl2/ 
and Ph^SnCl (Fluka)/ Pyridine (AR grade) were used as 
supplied. The n-propanol was distilled and dried before 
use. The anhydrous stannous chloride was prepared by 
refluxing SnCl2«2H20 in acetic anhydride and then washed 
with ether. The IR spectra (200-4000 cm were recorded on 
a Perkin Elmer 621 spectrophotometer as nujol mull. The 
conductivity measurements were carried out on Digisun 
electronic conductivity bridge. Chlorine and tin were 
estimated gravimetrically. All reactions have been 
carried out under dry atmosphere. The reaction mixtures 
contained a small piece of tin metal to minimize the 
119 
oxidation of Sn(II) to Sn(IV). The Sn Mossbauer data 
were recorded in constant-acceleration mode using a 
CaSnO^ source on a Cryophysics MS-102 spectrometer with 
a multichannel analyser. Data were fitted to Lorentzian 
distributions. All measurements were recorded at 80 K 
and calibrated with Sn02. 
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Preparation of SnCl2(Py) 
To n-propanolic solution (20 cm^) of pyridine (0.01 
mole) / a propanolic solution containing anhydrous 
(0.01 mole) and a small piece of tin metal was added 
dropwise. Immediate white precipitate appeared which 
was filtered! washed with propanol and dried in vacuo. 
Synthesis of the adducts 
To a suspension of SnCl2 (Py) (0.02 mole) in 
propanol (40 cm^) containing a small piece of tin metal 
an methanolic solution (10 cm^) of MCl^ (M = Si/ Ge/ Sn/Ti 
and Zr), Ph2SnCl2 and Ph^SnCl (0.01 mole) was slowly 
added. The mixture was refluxed until the colour of the 
solution changed. Then it was left on cooling for few 
hours to yield a very beautiful needle shaped crystals 
which were washed with propanol and dried in vacuo. 
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RESULTS AND DISCUSSIOK 
Novel compounds of the type [Sn2MClg(Py)2]/[Sn^Clg 
(Py)^], [Sri3Ph2Clg(Py)2] and [Sn3?h3Clg ( Py) 2 ] (M = Si, Ge, 
Sn, Ti/ Zr) have been synthesized and characterized in 
a view to explore the possibility of tin(II) adduct/ 
such as SnCl^(Pyridine)/ to act as an electron donor 
towards group IV metals (silicon/ germanium/ tin/ 
titanium and zirconium). At that/ it is to establish 
a tin(II)-group IV metal bond. Since a modicum titera-
ture is available concerning such type of complexes/ 
these newly synthesized compounds are/ therefore/ 
considered worthwhile and scarce in the realm of tin(II) 
chemistry. 
The reaction of anhydrous stannous chloride with 
pyridine in n-propanol in the presence of a small piece 
of tin metal results in a 1:1 adduct corresponding to 
SnCl2(Py) (equation 1). The suspension of this adduct 
in n-propanol containing tin metal and its reaction with 
group IV metal tetrachlorides and organotin(IV) 
chlorides gives an interesting needle shaped crystals 
after refluxing the mixture and then cooling for some 
time (equations 2, 3 and 4). It is apparent that the 
interaction occurs by virtue of the non-bonding lone 
pair of tin atom to coordinate with the group IV metal 
97 
by filling its vacant d-orbitals and then extending its 
coordination number from four to six which results in 
the formation of trinuclear compounds containing Sn{II) 
—>Sn(IV) bond or Sn(II)' > group IV metal bond. It is 
noteworthy that the interaction of anhydrous SnCl^ as 
% 
such with MCl^ results in no reaction which is probably 
due to the reason that the SnClj does not loose its lone 
pair of electron easily unless it is provided another 
lone pair from a donor molecule such as pyridine. It 
has been tried to obtain a product by using SnCl^ only 
as a ligand but the attempts were unsuccessful. 
SnCl^ + Py y SnCl2(Py) (1) 
2 S n C l 2 ( P y ) + MCl^ ^ [Sn2MClg ( P y ) 2 ] ( 2 ) 
2 S n C l 2 ( P y ) + Ph2SnCl2 > [ S n 3 p h 2 C l g ( P y ) 2 ] ( 3 ) 
2SnCl2(Py) + Ph3SnCl [ Sn3Ph3Clg (Py) 2 ] (4) 
(M = Si, Ge, Sn, Ti and Zr). 
The elemental analyses (Table I) are consistent 
with the formulation of the complexes as [Sn2MClg(Py)2] (M 
= Si, Ge, Sn, Ti and Zr), [Sn3ph2Clg(Py)2] and [Sn^Ph^Cl^ 
(Py)„]. All compounds are air stable and are of needle 
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shaped type of crystals. They are insoluble in most of 
aliphatic and aromatic hydrocarbons but sparingly soluble 
in DMSO/ DMF and THF. It is unfortunate that these 
crystals are not suitable for crystallographic studies, 
and knotty to be recrystallized from coordinating 
solvents/ but attempts are still going on to isolate 
the suitable size of crystals. The conductivity 
measurements of 10 ^M solutions of the complexes in DMSO 
-1 2 -1 143 (20-25 ohm cm mol ) reveal their non-electrolytic nature 
(Table 2). 
Several features of the infrared spectra of 
these new adducts are noteworthy. A conspicuous sharp 
band appeared in 200-230 range assigned considerably 
to Sn-Sn or Sn-M stretching frequencies (M = Si, Ge, 
Ti and Zr) which is in accord with the recent observa-
124 
tion reported . A distinct absorption band is observed 
in 260-300 cm~^ range associated certainly with the 
group IV metal-chlorine stretching frequency and the 
•Osn -CI of the SnCl2(Py) compound. The Sn—N stretching mode 
is observed at 370 cm~^ in all cases. In case of organo-
tin(IV) complexes, a well defined peak is exhibited in 
the region of 490-520 cm~^ almost attributable to Sn-
C stretching frequency. Other bands observed at 1600 
cm and 1300 cm are assigned to Vc=N and -N of the 
pyridine ring. The pyridine ring vibration occurred at 
100 
1610 cm"^. It is to be noted that only one peak is 
observed for the I^M-Cl/ without the presence of any 
shoulder suggesting that the central group IV metal 
adopt an octahedral configuration with a trans-position 
of the two SnCl ^ (Py) ligands. It would be expected that 
two M-Cl stretching frequencies must appear in the IR 
spectra of the complexes for the SnCl 2(^7) ligands plus 
at least one, sometimes more/ for the central M-Cl 
bonds. Since the obtained spectra show only one little 
broad absorption band in t)m-C1 region/ it is thought 
that the peak observed is the result of overlapping of 
the two stretching frequencies of M-Cl and Sn-Cl of the 
SnCl2(Py). This might be due to the fact that the masses 
of the metals do not vary much and therefore/ the two 
peaks would appear closely resulting in an overlapping 
intense peak and so it is very difficult to distinguish 
them. The important IR bands are listed in Table 2. 
The Mossbauer spectroscopic . data of the 
complexes are listed in table 2. This data indicate 
several points. The first salient feature is that the 
isomer shift value (i) of SnCl2is 3.62 mm s which under-
goes a negative shift on the formation of the adduct 
SnCl^CPy) = 3.55 mm s'^). In the trinuclear compounds/ 
the isomer shift value is low as compared to the value 
of SnCl2(Py) suggesting to some extent the delocaliza-
tion of the non-bonding pair of electrons of tin (II) 
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into the empty d-orbitals of the group IV metal resulting 
in the formation of Sn(II)—=^M(IV) bond and therefore* 
an octahedral environment is maintained around the 
central metal atom which is very common^®^ (Scheme 1). 
The Mossbauer spectra of the complexes [Sn2Clg{Py)2]/ 
[Sn3Ph2Clg(Py)2] and [Sn3Ph2Cl2{Py)2] differ from the 
spectra of [Sn2MClg(Py)2] complexes which exhibit a 
doublet as expected. The Mossbauer spectra of the 
complexes containing Sn(lV) and Sn(II) species are most 
interesting to interpret. The spectrum of these 
complexes contains a line at -0.82 mm s ^ and a broader 
absorption at 4.03 mm s ^ which is resolved into a 
doublet at 3.50 mm s ^ arx3 4.55 mm s On the basis 
of this spectrum it is obvious that one of these high-
velocity lines must be accompanied with the line at 
negative velocity to form a quadrupole doublet arising 
from the tin(IV) site/ while the other line is 
assignable to the tin (II) site. As all three lines have 
very similar widths and intensities// we assume that 
lines 1 and 3 (numbering from low to high velocity) 
belong to tin (IV) and line 2 to tin(II)/ and therefore/ 
we obtain 1.87 mm and 5.38 mm for tin(IV) 
site and 3.50 mm for Sn(II) species. On this 
basis it is to some extent unequivocally claimed that 
in these compounds there are two environments of the 
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2 SnCl2(Py) + MCl4 "-Propanol^ 
Ms Si,Ge,Sn,Ti and Zr 
CI 1 CI 
Ph j CI 
P h ^ I \ p h 
Py 
Ph. I 
C l ^ f \ p h 
Cl/^ I ^ C l 
Py 
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tin atom in which they are electronically different/ 
one corresponding to the central tin atom and the other 
belong to the terminal one. The isomer shift values and 
quadrupole splitting of these complexes therefore 
confirm that the tin 5S-electron density remains to some 
extent localized at the tin site despite the potential 
for electron delocalization into the group IV metal d-
orbitals. The high quadrupole splitting value is not 
surprising since there is a decrease in ^ value upon 
adduct formation which should be concomitant with marked 
increase in quadrupole splitting. 
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(b) 
Poly(4-vinyl pyridine-N-oxide) as a ligand : its 
conplexes with group IV netal tetrachlorides and 
organotin(IV) chlorides 
EXPERIMENTAL 
SiCl^, GeCl^, SnCl^, TiCl^ and ZrCl^ (BDH)/ 
Ph2SriCl2/ Ph^SnCl/ Ph^Sn (Fluka) , Poly(4-vinyl pyridine-
N-oxide) (BDH)/ pyridine-N-oxide (BDH) were used as 
received. The IR spectra (200-4000 were recorded on 
Perkin Elmer 240 F.T.IR as a nujol mull. The UV-
visible spectra were recorded on spectronic 21 
spectrophotometer. The conductivity measurements were 
made on Elico conductivity bridge type CM-82T. The 
estimation of chlorine was carried out by the usual 
gravemetric method. 
Preparation of bis(pyridine-N-ozide) tin(IV) tetra-
chloride 
A 0.01 mole SnCl^ was taken in methanol (15 
cm^) added to it (0.02 mole, 1.9 g) pyridine-N-oxide 
dissolved in little quantity of methanol. The mixture 
was stirred for 3 hours which yielded a white 
precipitate. It was filtered, washed with methanol 
and dried in vacuo. 
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Preparation of the complexes 
To a suspension of poly(4-vinyl pyridine-N-oxide ) 
(0.02 mole/ 2.42 g) in methanol (20 cm^ ) was added 0.01 
mole M C I w h e r e M = Si, Ge, Sn/ Ti and Zr), Ph2SnCl2/ 
Ph^SnCl or Ph^Sn. The mixture was refluxed along with 
stirring for four hours. The precipitate formed in each 
case was filtered, washed with methanol and dried in 
vacuo. 
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RESULTS AND DISCUSSION 
The reaction of poly(4-vinyl pyridine-N-oxide) 
(L) with MCl^, Ph2SnCl2/ Ph^SnCl and Ph^Sn in 2:1 ratio in 
methanol results in the formation of complexes of the 
types MC1^L2/ Ph2SnCl2L2' Ph2SnClL2 and Ph^SnL2/ respec-
tively (equations 1-4). The analytical data (Table-1) 
conform to the composition of the complexes. They are 
polymeric in nature and insoluble in most of organic 
solvents but soluble in DMSO and DMF. The molar 
conductance of 10 ^ M solutions of the complexes measured 
- 1 2 - 1 
in DMSO (7-10 ohm cm mol ) reveal their non-ionic 
143 
nature . Bis(pyridine-N-oxide)tin(IV) tetrachloride has 
also been prepared for comparison by treating pyridine-
N-oxide (PNO) and SnCl^ in a 2:1 ratio (equation-5). 
MCl^ + 2 L > MC1^L2 (1) 
Ph2SnCl2 + 2 L > Ph2SnCl2t'2 (2) 
Ph3SnCl + 2 L ^ Ph3SnClL2 (3) 
Ph^Sn + 2 L ^ Ph^SnL2 (4) 
SnCl^ + 2 PNO >SnCl^(PN0)2 (5) 
(M = Si/ Ge, Sn/ Ti and Zr; L = Poly(4-vinyl pyridine-
N-oxide ) . 
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Since both PNO and L contain N-0 moiety; it 
is expected that they behave in similar manner upon 
coordination with metal atoms. The immense importance 
of pyridine-N-oxide and its derivatives lies in having 
208 
different canonical structures . Many studies have app-
eared regarding the coordinating ability of various 
substituted pyridine-N-oxide in which it was shown that 
the coordination of such ligand to the metal ions occurs 209 only through the N-oxide oxygen atom 
The "))n-0 in several metal complexes has been 
reported to appear at two different frequencies. The 
one observed at 1220 cm"^ indicates the cooordination of 
pyridine-N-oxide only* while the other band observed 
at 1205 cm ^ suggests the pyridine-N-oxide and another 
ligand like halide make up the first coordination 
sphere of the central metal ion^^^. The strong absorption 
bands in the region 1200 to 1300 cm~^ of PNO and L and 
their complexes has been assigned to the characteristic 
N-0 stretching v i b r a t i o n ^ ^ ^ T h e i r coordination to a 
group IV metal results in lowering the N-0 stretching 
frequency with a consequent decreaee in N-0 double bond 
character due to a decrease in the contribution of the 
resonance form containing N=0 double bond^^^. The very 
strong band at 1260 cm ^ is assigned to "On-O in the free 
ligand which is shifted to about 1222 cm~^ in the metal 
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complexes. This shift in (which is about 40 cm )is a 
measure of the strength of the metal-oxygen bond. The 
overall change in i)n-0 on coordination to a metal is 
212 
the resultant of several factors . The most important 
factor is the increasing electronegativity of the oxygen 
atom, associated with electron donation from it to the 
metal atom. This will cause (a) an increase in I)N-0 due 
to increased nitrogen to 0~-bonding (b) a decrease in 
S^N-0 due to decreased oxygen to nitrogen TT-bonding. 
In general/ factor (b)/ predominates and "^N-O decreases. 
The N-0 bending vibration at 825 cm~^ in pure PNO and 
L did not undergo any shift on complex formation which 
is supported from the results observed in the case of 135 
transition metal complexes . However/ some new absorp-
tion bands in the complexes in 490-510 cm~^ range have 
been attributed to Ocm-O) modes. The presence of only 
one M-Cl stretching frequency band in 310-290 cm ^ range 213 is suggestive of a trans octahedral structure . However/ 
if there are three M-Cl bands in the same region/ the 
complex is proposed to have a cis-octahedral configura-
213 tion 
The L exhibits two bands in DMSG at 280 and 325 
* 214 nm because ofTT-VTT and n->"Tr transitions respectively 
The band at 280 nm shifts to 274 nm in the complexes 
suggesting the coordination of the N-oxide oxygen to 
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the metal atom and consequently the double bond 
character decreases. The band at 325 nm remains 
unaffected upon complexation. 
From all these studies it is concluded that the 
compounds are monomeric octahedral in each case with 
the L occupying a trans position as represented in 
scheme 1. 
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GROUP IV METAL CXDMPLEXES OF THE DITHIOCARBAMATE LIGAND 
DERIVED FROM PROPANEDIAMINE 
K.S. Siddiqi* Fathl M.A.M. Aqra, S.A. Shah and S.A.A. Zaidl 
Division of Inorganic Chemistry, Department of Chemistry, 
Alig=irh Muslim University, Aligarh-202002, INDIA 
ABSTRACT 
Propanediamine dithiocarbamate and its metal 
complexes with MCl^ (M = Si, Ge, Sn, Ti, and Zr) and PhjSnClj 
have been synthesized and characterized. The results indicate 
that MCl^ reacts in a lj4 (metal s dithiocarbamate) ratio yield-
ing an octahedral compound with two symmetrically and two unsym-
metrically bound dithiocarbamato groups while FhjSnClj reacts 
in a Ijl ratio leading to the formation of a stable five-coor-
dinate complex with the phenyl groups occupying the equatorial 
positions. 
INTRODUCTION 
A wide variety of aithiocarbamato complexes with 
transition and non-transition metals have been extensively 
studied with a view to exploring their nature and mode of 
bonding^~^°. The coordination chemistry of transition metal 
ions with several new dithiocarbamate ligands derived from 
heterocyclic nitrogenous bases like pyrrole, indole, carbazole, 
imidazole, and indoline has also been explored by many 
workers^ -^^ .^ 
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A novel dithlocarbamate such as dithiocarbazlc acid 
derived from hydrazine having no intervening carbon atoms between 
the two nitrogen atoms has been isolated and its complexes with 
I B 
several transition metals have been prepared and studied . It 
was observed that hydrazine reacts with CSj only in a 1:1 ratio 
resulting in the formation of dithiocarbazic acid, HjNNHCS^H, 
leaving one NHj group intact. 
Our interest in this work was to study an analogous 
system in which there are three CHj groups between two thio-
carbmate groups. However, it seems that even for propanediamine 
only one NHj group reacts yielding a propanediamine monodithio-
carbamate (ppn. mono-dtc.). The coordination chemistry with some 
Group IV acceptors is reported here. 
RSSULTS AHD DISCUSSIOM 
A metal dithiocarbamate may conveniently be systhesized 
by insertion or by a substitution reaction. Since the sodium salt 
of the propanediamine dithiocarbamate was readily synthesized, 
we prepared the metal chelates via the second route. It was 
observed that the reaction of propanediamine with carbon 
disulphide (CS2) is similar to that of hydrazine in that only 
one NHj group of the propanediamine reacts with CSj. In no 
case was ppn. bis-dtc. obtained. The complexes arc only sparingly 
soluble in DMSO, DMF and THF. The molar conductance of 
10~^M solutions of the complexes in DMSO (9.5 cm^ mol"^ ohm"^) 
29 
showed that they are non-electrolytes . The 
elemental analyses (Table I) suggest that MCl^ reacts with 
the ligand in a 1x4 ratio (equation 1) whereas PhjSnCUj 
reacts in a 1«1 ratio (equation 2). 
HjN-CHj-CHj-Caij 
^SNa 
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The reactions of the MCl^ and PhjSnClj with the ligand can be 
represented as below i 
4 HjNCjHgNHCSjNa + MCl^ > M (HjNCjHgNHCSj) 4 + 4 NaCl (1) 
HjNCjHgNHCSjNa + PhjSnClj-v PhjSnCl (HjNCjHgNHCSj) + NaCl (2) 
IR Spectra 
It IS well known that a symmetrically bound dithio-
carbamate exhibits only one band at about 1000 cm~^ and that 
the splitting of this band (1000 + 70 cm"^) indicates the 
presence of unsymmetrically bound dithiocarbamate^'"^®. Table II 
lists the characteristic Infrared frequencies for the ligand 
and its complexes. In the case of M(ppn. dtc.)^, two absorption 
bands were observed in the region 1000 + 70 cm"^. It is quite 
likely that one of these two bands is due to symmetrically 
bonded dithiocarbamate which is overlapping with the split 
bands assignable to unsymmetrically bonded dithiocarbamate. 
The metals in these complexes have around them an octahedral 
geometry with two symmetrically and two unsymmetrically bound 
dithiocarbamato moieties. Bonding of such type has been obser-
ved in a variety of transition metal dithiocarbamatesi Vaciago 
and Venanai^^"^^ have established, by X-ray structural analysis, 
that Ru(S2CNEt2)3 contains three bidentate ligands, whereas 
Ru(NO) (SjCNEtj) 2 contains two bidentate and one unidentate 
dithiocarbamate groups. 
The thioureide band characteristic of dithiocarba-
mates appeared at 1480 cm~^ which is intermediate between a 
C«N band (1690-1640 cm"^) and a C-N band (1360-1250 cm"^) 
indicating a partial double bond character between carbon and 
nitrogen. Two distinct bands at 3309 cm"^ and 1556 cm~^ have 
been assigned to V'N-H and the NHj bending modes, respectively. 
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H5C6 
H5C6 
It was interesting to note that Ph2SnCl2 reacted 
with ppn. dtc. only In a lil molar ratio. Its infrared spectrum 
exhibits only one sharp band at 996 cm~^ assigned to 
suggesting the bldentate chelation of the llgand and rendering 
the metal five-coordinate. Such five-coordinate organometallic 
dithiocarbamates of Group IV elements are not uncoirjr.on^ .^ A 
similar five-coordinate organozicconium dithiocarbamate has 
24 been reported and examples of five-coordinate transition 
metal dithiocarbamates have also been encountered by McCleverty 
22 25 
and Venanzi ' . Therefore, It is suggested that the compound 
PhjSnCl (ppn. dtc.) has a trigonal bipyramidal geometry as 
shown in Flg.l, since the two bulky phenyl groups attached 
to the tin atom are unlikely to be in axial positions. This 
configuration resembles the molecular structure of trichloro-
dimethyltin anion in [(CHj) jSnCl (terpyridyl)] "^[(CHj) jSnCij] " 
determined by x-ray crystallographic analysis, in which the 
methyl groups are located in equatorial positions^^. Moreover, 
Honda and Tanaka® have confirmed the trigonal bipyramidal 
structure of the complex MejSnxCdtc.) (x «= CI, Br, I) with 
both the methyl groups in equatorial positions. 
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«lectronlc Abaorptlon Spectra 
The electronic spectra In the region 200-900 ran 
were measured in DMF. Table II shows that all the compounds 
have one intense band at 275 nm vthich is due to ligand transi-
tions iTf 
EXPERIMENTAL 
propanediamine (BDH) , carbon disulphide (BDH) , 
SiCl^, SnCl^, Tici^, ZrCl^ (BDH) and GeCl^CKoch Light) were 
used as obtained. The IR spectra (400-4000 cm"^) were recorded 
on a Bec)anan model Spectrophotometer as nujol mull. The 
conductivity measurements were carried out on an Elico conduc-
tivity bridge type CM-82T. The UV-visible spectra were recorded 
on a Spectronic 21 spectrophotometer. 
Preparation of Sodium Dlaminopropane Dithiocarbamate 
Diaminopropane (0.1 mol, 9.7 mL) In 100 mL 
methanol was kept in an ice bath at 10°C. Carbon disulphide 
(0.2 mol,12 mL) was slowly aaded followed by (0.2 mol, 8 g) 
NaOH dissolved in the minimum quantity of water. The solution 
was stirred for 4 h until a white precipitate appeared v>hlch 
was filtered and washed with alcohol and dried in vacuo. 
Preparation of the Complexes 
The complexes were synthesized by mixing (0.01 mol) 
of a hot methanolic solution (30 mL) of MCl^ (M « Si, Ge, Sn, 
Ti and Zr) or PhjSnClj(0.01 mol, 3.43 g) and the ligand (0.04 mol, 
6.84 g), (0.02 mol, 3.42 g), respectively, with continuous 
stirring over a period of half an hour. The precipipates thus 
obtained were filtered, washed with alcohol and dried in 
vacuo. 
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Abstract—Heterobimetallic complexes of the type [Cu(TETA)Cl2MCl2] (M = Si, Ge, Sn, 
Ti and Zr ; TETA = triethylene tetramine) have been synthesized and characterized by 
elemental analyses, ESR, electronic and IR spectra and conductivity measurements. The 
complex [Cu(TETA)Cl2SnPh2] has also been prepared. The results indicate that [Cu 
(TETA)]Cl2 is square planar and ionic in nature, while its bimetallic complexes, [Cu(TETA) 
CI2MCI2] and [Cu(TETA)Cl2SnPh2], are covalent with an octahedral environment around 
the copper(II) ion. 
The development of binuclear systems has arisen 
from the idea that two metal atoms in close prox-
imity could react in a cooperative manner with sub-
strate molecules.'-^ A major role in the building of 
binuclear complexes has been played by tertiary 
diphosphines, bis(diphenylphosphino)methane 
(dppm) being particularly efficient for this 
p u r p o s e . S u b s t i t u t i o n of one of the donor atoms 
in the dppm skeleton for a softer (As) or harder (N) 
centre has been introduced to create hetero-
binuclear complexes of the platinum group metals. 
Such ligand systems studied by Balch are (diphenyl-
arsino)(diphenylphosphino)methane (dapm)'-' and 
2-(diphenylphosphino)pyridine (PhjPPY),'' which 
have led to a controlled synthesis of plat inum-
rhodium complexes having two bridging ligands."^ 
' Author to whom correspondence should be addressed. 
The growing interest in electrochemical, mag-
netic and spectroscopic studies on multimetallic 
complexes is due to their great importance in 
biology.' They are ubiquitous in nature as active 
sites in a variety of metalloenzymes and are playing 
a significant role in industrial catalysis. Further-
more, they provide interesting cases for the study 
of magnetic interaction and may also serve as 
models in certain cases for some metalloproteins, 
for which the biological function is associated with 
the occurrence of metals centres in pairs. 
By a judicious choice of the two metals, it is 
possible to synthesize a large number of mul-
timetallic compounds. Since the heterobimetallic 
chelates containing group (IV) elements seem to be 
scarce, it was considered worthwhile to synthesize 
a number of new heterobimetallic complexes of the 
type [Cu(TETA)Cl2MCl2] (M = Si, Ge, Sn, Ti and 
Zr). 
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EXPERIMENTAL 
Triethylene tetramine (Koch Light), cupric chlor-
ide, SiCU, GeCh, SnCU, TiCU, ZrCl^ (BDH) and 
PhaSnClj (Fluka) were used as received. Ethanol 
and DMSO were distilled before use. Microanalyses 
of the complexes were obtained on a Carlo-Erba 
Analyser Model 1106. Molar conductance was mea-
sured at room temperature on a Digisun electronic 
conductivity bridge. The IR spectra (200-4000 cm"') 
were recorded on a Carl-Ziess Specord M-80 spec-
trophotometer in Nujol mulls. The electronic spec-
tra were recorded on a Shimadzu UV-vis recording 
spectrophotometer Model 60. The EPR spectrum 
was recorded on a Bruker Scientific Z-band spec-
trometer (ESP-300) using a 100 kHz field modu-
lation and quartz sample tubes and the values deter-
mined calibrated with DPPA powder, ff = 2.0036. 
The estimation of chlorine was determined by the 
usual gravimetric method. 
Synthesis of [Cu(TETA)]Cl2 
This complex was prepared by dissolving cupric 
chloride (0.01 mol, 2.42 g) in ethanol (30 cm^) with 
dropwise addition of triethylene tetramine (0.01 
mol, 1.46 cm^). The dark blue product was formed 
after keeping the mixture overnight and was 
washed, recrystallized from ethanol and dried in 
vacuo. 
Synthesis of [Cu(TETA)Cl2MCl2] and [Cu(TETA) 
Cl^ SnPhj] 
A hot ethanolic solution (15 cm^) of [Cu 
(TETA)]Cl2 (0.01 mol, 2.8 g) was treated with 
group (IV) metal tetrachlorides or diphenyltindi-
chloride (0.01 mol). In each case an immediate 
precipitate appeared, which was washed with ethanol 
and dried in vacuo. All the synthesized complexes 
are soluble only in DMSO. 
RESULTS AND DISCUSSION 
The analytical data (Table I) conform to the com-
positions [Cu(TETA)]Cl2, [Cu(TETA)Cl2MCl2] 
and [Cu(TETA)Cl2SnPh2l (M = Si, Ge, Sn, Ti and 
Zr ; TETA = triethylenetetramine). The reaction of 
copper(II) chloride with TETA in ethanol yields 
[Cu(TETA)]Cl2. Further reaction of this complex 
with group(IV) metal tetrachlorides and di-
phenyltin(IV) dichloride gives high yields of the 
heterobimetallic chelates [Cu(TETA)Cl2MCl2] and 
[Cu(TETA)Cl2SnPh2], respectively. The con-
ductivity measurements in DMSO^' show that the 
ligand [Cu(TETA)]Cl2 is ionic, while the het-
erobimetallic chelates are covalent. Therefore, the 
complexes are formed by the replacement of amine 
hydrogens by group (IV) metals and the removal of 
2HC1 molecules, which has also been confirmed by 
the quantitative estimation of chlorine as AgCl. The 
reactions followed are represented in Scheme 1. 
A room-temperature ESR spectrum of the pow-
dered sample of [Cu(TETA)]Cl2 gives approximate 
g values with = 2.09 and ^x = 2.06, which 
favours the square planar geometry around the 
copper(II) ion.^'-^' The apparent g values of the 
bimetallic polycrystalline samples are 1^1 = 1.99 and 
= 2.07, with the average g values = 
{Ig^+gJ'i = 2.04) being in accordance with those 
Table 1. Analytical data, melting point, colour and % yield of the ligand, [Cu(TETA)]Cl2, and its 
heterobimetallic complexes 
Yield Melting Analysis (%) [Found (Calc.)] 
Complex (%) Colour point (°C) C H N CI 
[C,H,8N.CuCl2] 90 Blue 200 25.7 6.4 20.0 25.3 
(25.7) (6.4) (20.0) (25.4) 
[C,H„N4CuSiCl4] 80 Yellow 175 19.0 4.2 14.8 37.6 
(19.0) (4.2) (14.8) (37.5) 
[C,H,f,N4CuGeCl4] 80 Yellow 154 17.0 3.8 13.2 33.6 
(17.1) (3.7) (13.3) (33.6) 
[C,H,6N4CuSnCl4] 80 Yellow 172 15.4 3.4 11.9 30.4 
(15.3) (3.4) (11.9) (30.3) 
[C,H,6N4CuTiCl4] 80 Yellow 155 18.1 4.0 14.1 35.8 
(18.1) (4.1) (14,0) (35.7) 
[C6H,6N4CuZrCl4] 80 Yellow 160 16.2 3.6 12.6 32.1 
(16.3) (3.7) (12.7) (32.1) 
[C,H,5N4CuSnCl2(C,H5)2] 70 Yellow 120 39.2 4.7 10.1 12.9 
(39.3) (4.7) (10.1) (12.8) 
Chemistry of group (IV) elements 
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Scheme 1. 
of typical octahedral copper(II) complexes.^'* On 
this basis we suggest that the chloride ions pre-
sent in [Cu(TETA)]Cl2 coordinate with copper(II) 
ions upon complexation with group(IV) metal tetra-
chlorides to produce an octahedral environment 
around the copper(II) ion. It is to be noted that the 
chloride ions present in [Cu(TETA)]Cl2 coordinate 
to the copper(II) ion and not the group (IV) metal 
chlorine. This may be due to (a) the easy avail-
ability of the anionic chlorine of [Cu(TETA)]Cl2, 
which should in any case be a better ligand than the 
covalently bonded chlorine of group (IV) metals 
and (b) since copper(II) achieves an octahedral 
geometry only after complexation with MCI4, it is 
thought that the removal of aminohydrogen occurs 
due to the group (IV) metal chlorine. Otherwise, 
the chloride ions present in [Cu(TETA)]Cl2 would 
have gone as HCl before its reaction with MCI4. 
The electronic spectra of the mononuclear com-
plex in methanol, [Cu(TETA)]Cl2, shows a high 
intensity charge-transfer band at 247 nm, along 
with the ligand-metal charge-transfer band at 304 
nm. A strong d-d band at 596 nm is also observed, 
which is characteristic of square planar 
complexes.^' The bimetallic complexes in DMSO 
also show strong bands at 275 nm, along with the 
shoulders assignable to intra-ligand transitions and 
ligand-metal charge-transfer, which is in agreement 
with the observation reported.'®*^' The d-d band 
maxima, one at 930 and another at 882 nm, are due 
to octahedral bimetallic copper(II) complexes. It 
is known that octahedral distortion in copper(II) 
complexes leads to the displacement of d-d bands 
to lower energies.^^ 
It is possible to assign some of the important IR 
bands which are helpful in determining the struc-
tures of the synthesized complexes. In [Cu 
(TETA)]Cl2 the band at 3270 c m " ' is characteristic 
of the N—H stretching frequency, while the peak at 
1584 cm""' is assigned to <5(N—H). In the bimetallic 
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Table 2 IR and far-IR absorption bands of the hgand, [Cu(TETA)]Cl2, and its heterobimetallic 
complexes 
Peak positions (cm ') 
Complex v(N—H) v(Cu—N) v(Cu—CI) v(M—N) v(M—CI) 
[C,H,8N4CUC1J 3270m 405s — — — 
[C6HUN4CUS1C14] 3110m 403$ 315m 430s 300s 
[C,H,6N4CuGeCl4] 3112m 403s 315m 485s 305s 
[C^H.eN^CuSnCU] 3112m 403s 315m 455s 300s 
[C,H,aN4CuTiCl4] 3110m 403s 315m 520s 290s 
[C6H,5N4CuZrCl4] 3110m 403s 315m 525s 290s 
[C,H„N4CuSnCl2(C,H5)2] 3108m 403s 310m 472s 300s 
chelates v ( N — H ) a p p e a r s a t a lower wave n u m b e r 
(3110 c m " ' ) , suggest ing the f o r m a t i o n of a g r o u p 
(IV) m e t a l - m t r o g e n covalen t b o n d , a n d (5(N—H) 
remains unaf fec ted T w o s h a r p a b s o r p t i o n b a n d s 
a p p e a r a t 1060 a n d 1384 cm ^ m b o t h the m o n o -
a n d b m u c l e a r complexes , assigned to v (C—C) a n d 
v ( C — N ) m o d e s , respectively A n o t h e r t w o dis t inct 
b a n d s a p p e a r a t 2962 a n d 751 c m " ' , ass igned to 
v ( C — H ) a n d C H 2 rock ing modes , respectively 
T h e f a r - I R reg ion of the spect ra is very signif icant 
as it includes the M — N a n d M — X stretches T h e 
M — X a b s o r p t i o n b a n d s a re s t ronger a n d a p p e a r 
a t lower wave n u m b e r s c o m p a r e d t o M — N a b s o r p -
t ion b a n d s N e w b a n d s of m e d i u m intensi ty in the 
r ange 4 3 0 - 5 2 5 c m " ' m the complexes have been 
assigned t o v ( M — N ) A dist inct b a n d a p p e a r e d m 
the l igand a n d the he te robimeta l l ic complexes a t 
405 c m " ' , ass igned to a C u — N s t re tching 
f r equency A b a n d a p p e a r e d in the complexes a t 
315 c m " ' , ass igned to v(Cu—CI) , which was absen t 
m the spec t ra o f t he f ree l igand, [Cu(TETA)]Cl2 
S h a r p b a n d s a p p e a r e d m the complexes m the r a n g e 
290 -305 c m " ' a n d are a t t r i bu t ed to v (M—CI) T h e 
charac ter i s t ic I R b a n d s a re given m T a b l e 2 
In f u r t h e r c o m m u n i c a t i o n s o u r interest lies m 
repor t ing t h e resul ts of the reac t ion be tween 
[CU(TETA)](BF4)2 a n d [Cu(TETA)]Br2 with 
g r o u p (IV) m e t a l te t rachlor ides a n d o r g a n o t i n ( I V ) 
chlor ides 
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A ROUTE LEADING TO A STABLE M—H—B UNIT (M = Si, 
Ge, Sn). THE BIDENTATE AND TRIDENTATE BEHAVIOUR OF 
TETRAHYDROBORATE 
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{Received 27 January 1993; accepted 30 April 1993) 
Abstract—The complex [MLClj] [M = Si, Ge and Sn, L = NN'-ethylene bis-(salicyl-
ideneiminate)] reacts with KBH4 in T H F to give [ML(BH4)2]. The results indicate that 
the BH4~ ion behaves as a bidentate ligand and the central metal atom possesses eight-
coordination. The conductivity measurements reveal their covalent nature. Another series 
of compounds of the types [R2Sn(BH4)2] (R = Me, Bu and Ph) and [R3Sn(BH4)] (R = Bu 
and Ph) have been synthesized by the direct interaction of R j S n C l j and RjSnCl with excess 
KBH4 in THF , respectively. In this case it is found that the tetrahydroborate group acts as 
a tridentate Ugand implying eight- and six-coordination of the tin atom, respectively. The 
molar conductance value ascertains their non-electrolytic character. 
It is a conspicuous feature that a polydentate ligand 
provides unusual stabilization of diiferent oxidation 
states as well as rigid coordination spheres for the 
metal. Redox reactions carried out on transition 
metal chelate complexes lead either to a change in 
the oxidation state of the metal or to the generation 
of electrophilic and nucleophilic sites on the 
ligand.'"^ Since a group(IV) metal in a low oxi-
dation state is able to promote the coordination and 
the activation of small molecules, '"" our interest 
was focussed on some precursors of low-valent 
group(IV) metal complexes, containing ligands 
such as NN'-ethylene bis-(salicylideneiminate) 
(Fig. 1), which stabihze various oxidation states of 
these metals. ' ^ 
Transition metal tetrahydroborates are impor-
tant as precursors to solid metal bor ides , ' ' to metal 
hydrides'" as well as alkyls . ' ' From the structural 
point of view they are intriguing for the versatility 
displayed by the BH4 group in the mode of its 
ligation to the metal centre, which may entail 
triple,'^ d o u b l e o r s ingle" hydrogen bridges. 
The present paper reports two types of com-
pounds: (1) [ML(BH4)2] [M = Si, Ge, and Sn; 
L = NN'-ethylene bis-(salicylideneiminate)] and (2) 
[R2Sn(BH4)2] (R = Me, Bu, Ph) and [R3Sn(BH4)] 
CH2 —CH2 
H^ N 
' Author to whom correspondence should be addressed. 
c c : : : :o 
NN-ethylene bis (Salicylideneiminatel 
Fig. 1. 
(R = Bu, Ph) with a view to exploring the nature 
and mode of bonding of the BH^ ion and to estab-
lish a group(IV) metal hydrido complex. 
EXPERIMENTAL 
Ethylenediamine (Koch Light), salicylaldehyde 
(E. Merck), SiCl4, GeCU, SnCU and KBH4 (BDH), 
R j S n C l j (R = Me, Bu, Ph) and RjSnCl (R = Bu, 
Ph) (Fluka) were used as supplied. All the solvents 
were distilled and dried before use. Microanalyses 
were made on a Car lo-Erba analyser model 1106. 
Molar conductances were measured at room tem-
perature on a Digisun electronic conductivity 
bridge. The IR spectra (200-4000 c m " ' ) were re-
corded on a Carl Ziess Specord M-80 spectro-
photometer as Nujol mulls. Chlorine and tin were 
estimated gravimetrically. 
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Synthesis of the Schiff base 
A methanolic solution (15 cm') of ethylene diam-
ine (0.01 mol) was added dropwise to a methanolic 
solution (15 cm') of salicylaldehyde (0.02 mol). An 
immediate yellow precipitate was obtained which 
was filtered, washed, recrystallized from methanol 
and dried in vacuo. 
Synthesis of 
[R3Sn(BH4)] 
the complexes [R2Sn(BH4)2] and 
R j S n C l j (0.01 mol) or RjSnCl (0.01 mol) was 
added to a T H F solution of excess KBH4 (0.02 mol 
or 0.01 mol), respectively. The mixture refluxed for 
6 h yields a powdery compound after cooling, which 
was washed with T H F and dried in vacuo. 
Synthesis of the complexes [MLCI2] (1) 
The Schiff base (0.01 mol) was taken in T H F 
and added to MCI4 (0.01 mol) (M = Si, Ge, Sn) in 
toluene. The mixture was refluxed along with stir-
ring for 2 h and the yellow product obtained was 
filtered and washed with toluene and dried in vacuo. 
RESULTS AND DISCUSSION 
The analytical data (Table 1) agree well with the 
composition of the complexes. The molar con-
ductance values of 10 ' M solutions of the com-
plexes at room temperature in D M F (10-15 Q " ' ) 
fall well below those quoted for uni-univalent elec-
trolytes, indicating their non-ionic nature . ' ® 
Synthesis of the complexes [ML(BH4)2] 
To a T H F solution of excess KBH4 (0.02 mol) 
was added a chloroform solution (0.01 mol) of I. 
The solution was refluxed for 4 h and after cooling 
for some time a coloured precipitate settled, which 
was washed with T H F and dried in vacuo. 
[ML(BH4)2] type 
The complex [MLCI2] reacts with a T H F solution 
of KBH4 according to eq. (1) yielding brown, green 
and yellow powders for tin, silicon and germanium 
complexes, respectively. 
Table 1. Analytical data, melting points, % yield and colour of the complexes 
C(%) H ( % ) N ( % ) Sn(%) Cl(%) 
% M.p. Found Found Found Found Found 
Compound Yield (°C) Colour (Calc.) (Calc.) (Calc.) (Calc.) (Calc.) 
CuHjsNjOzBzSi 60 202 Green 58.5 7.7 9.6 
(58.3) (7.6) (9.7) 
CuH^jNjOjBzGe 63 210 Light yellow 50.8 6.1 8.5 — — 
(50.6) (6.6) (8.4) 
CuH^NjOaB^Sn 72 242 Brown 44.6 5.9 7.3 31.0 — 
(44.4) (5.8) (7.4) (31.2) 
C2H|4B2Sn 55 189 Grey 13.7 8.0 — 67.2 — 
(13.6) (7.9) (67.0) 
CsHj^B^Sn 55 192 White 37.0 10.0 — 45.1 — 
(36.9) (10.0) (45.3) 
Ci2H|8B2Sn 60 220 Light yellow 48.1 6.2 — 39.2 — 
(48.0) (6.0) (39.3) 
C,2H3,BSn 52 232 White 47.6 10.2 — 38.8 — 
(47.5) (10.2) (38.9) 
C | gH J gBSn 55 187 White 59.6 5.3 — 32.4 — 
(59.5) (5.2) (32.5) 
CuH,4N2Cl2Sl 70 132 Yellow 54.5 4.6 9.0 — 22.8 
(54.3) (4.5) (9.0) (22.9) 
C,4H,4N2Cl2Ge 62 161 Yellow 47.7 4.0 8.0 — 20.0 
(47.5) (3.9) (7.9) (20.1) 
C^H.^N^Cl^Sn 81 150 Yellow 42.3 3.6 7.1 29.4 17.7 
(42.1) (3.5) (7.0) (29.5) (17.8) 
[MLCl2] + 2KBH4 T H F 
Route leading to stable M — H — B unit 
>[ML(BH4)2] 
+2KCJ (1) 
1969 
This reaction must be performed with excess 
KBH4 since a KBH4 M ratio lower than 2 1 
results in the reduction of the metal atom 
The most significant spectroscopic information 
on these complexes comes from the IR spectrum 
Strong bands occur at 2560, 2510, 2269 and 2220 
cm ' These are attributed to B—H stretchmg 
modes, the higher two being due to the terminal 
hydrogens, while the lower two belong to the bridg-
ing hydrogens (the presence of the B—H, stretching 
frequency rules out the possibihty of poly-
merization) The stretching bands at 1990 and 1825 
cm" ' must be considered as asymmetric and sym-
metric vibrations due to the MH2 unit The absence 
of the v(M—CI) band m the far-IR region suggests 
the replacement of C r by the BH4" ion Sharp 
absorption bands are observed m the 490-500 c m ^ ' 
range, assignable to v(M—O) Since the v (C=C) and 
v(C=:N) absorption bands generally appear in the 
same region, it is difficult to distinguish them A 
strong band at 1520 c m ' ' has been assigned to 
v ( C = N ) , but it may be due to v ( C = C ) also On 
this basis we suggest that the reaction of [MLCI2] 
n n V 
\ f 
CH C H -tZBH^ -2CI 
, 
CH M ; CI 
M = S i ,Oe and Sn 
H H 
/ \ 
H H 
Fig 2 
with KBH4 involves the substitution of CI" by BH4 
and then the ligation of BH4 to the group(IV) metal 
m a bidentate manner (Fig 2), as is the case with 
A1(BH4)3 " The characteristic IR bands are listed 
m Table 2 Since these compounds are not soluble 
in hydrocarbons (benzene, hexane and chloroform) 
and they are decomposed by coordmatmg solvents 
(when the compounds are dissolved m dry DMSO, 
DMF, T H F and C H j C N the evolution of hydrogen 
gas was not observed, but the colour of the solu-
tion changed probably indicating the chemical 
deformation of the compounds), any dynamic 
inspection of them by N M R spectroscopy is pre-
vented 
Complex 
Table 2 The important characteristic IR bands of the complexes 
Peak position (cm ') 
v(B—H,) v(B—Hb) v(M—Hb) v(M—C) v(M—O) v(M—N) v{Snin—U)^ B) 
C,4H22N,02B2SI 2560 2269 1200 
2510 2220 
CuHjjNjO^BjGe 2561 2270 1199 
2510 2222 
C,4H22N202B2Sn 2560 2269 1200 
2510 2222 
C^HMBzSn 2587 2200 1160 
2221 
2241 
C8H26B2Sn 2580 2211 1162 
2261 
2205 
C12H ii<B2Sn 2582 2200 1160 
2219 
2225 
C.jHj.BSn 2587 2201 1171 
2252 
2261 
C,8H|,BSn 2587 2215 1162 
2226 
2242 
490 
490 
500 
310 
291 
304 
500 
505 
505 
500 
522 
450 
450 
446 
421 
462 
1970 
[R2Sn(BH4)2] a«^/[R3Sn(BH4)] type 
K S S I D D I Q I et al 
The reaction of R2SnCl2 and RaSnCl with excess 
KBH4 in T H F can be represented in accordance 
with eqs (2) and (3) All the synthesized compounds 
are air stable 
THF R2SnCl2 +excess KBH4 - -
R2Sn(BH4)2 + 2KCl (2) 
R3SnCl +excess KBH4 
THF 
R3Sn(BH4) + KCl (3) 
The relevant bands of the IR spectra are given in 
Table 2 The first salient point is the observation of 
a single intense absorption at 2587 c m " ' , taken in 
conjunction with the absence of any doublet near 
2500 c m ^ a s s i g n e d to v(B—HO, which suggests the 
presence of only one terminal hydrogen This is 
characteristic of tndentate tetrahydroborate 
groups ' ' " Other features diagnostic of tndentate 
binding of the tetrahydroborate group include the 
appearance of a doublet near 2200 c m " ' and an 
intense band near 1200 c m S u c h tndentate 
behaviour of BH^ was found m the cases of 
Zr(BH4)4," Hf(BH4)4" and the actmide deriva-
tives M(BH4)3^' (M = N p and Pu) There is no sign 
of the features characteristic of bidentate binding, 
as exhibited by A1(BH4)3," which gives us good 
grounds for believing that the tetrahydroborate 
groups are bound to tin exclusively via triple hydro-
gen bridges (Fig 3) 
The absorptions in the range 1000—1400 cm ' 
H H H 
Sn + 2 BH7 
R CI R 
R = M c , B u and Ph 
-2 cr -Sn-
H, H H 
I 
H 
H I a . 
Sn 
/ l \ 
R R R 
-CI 
R = Bu and Ph 
Fig 3 
H H H 
Sn 
/ 1 \ 
are almost certainly due to fundamentals in which 
H b — B ~ H t bending is the predominant motion 
Another band located near 450 c m " ' is assigned to 
the deformation of the v(Sn(/x-H)3B) bndges The 
bands observed around 2585-2400 c m " ' are 
assigned to v(B—H.) and those at 2230-2155 c m " ' 
are assigned to v(B—Hb) Two distinct bands 
appeared at 1160 and 500 cm definitively attri-
buted to v(Sn—Hb) and v(Sn—C) It is noteworthy 
that the BH4 ligand can have a bidentate coor-
dination mode m which only two orbitals are effec-
tive in donating electron density to the metal (Cj^ 
symmetry), whereas m the tndentate coordination 
mode three orbitals are effective m this way {C^^ 
symmetry) Very recently the tndentate behaviour 
of Ihe BH4 Jon has been explored in the case of 
Ti(BH4)3 ^^  It has been shown that the tetrahedral 
BH4 anion is characterized by four filled B—H 
bonding MOs and four vacant B—H antibonding 
MOs When coordinated to a metal the local sym-
metry about the boron atom is reduced, to in 
the case of the tndentate mode and C2„ in the case 
of the bidentate mode of binding 
R E F E R E N C E S 
1 D P Rillema, J F Endicot t and E Papacon-
s tdn t inou , /no r^ Chem 1971 , 10 , 1739 
2 J A Stecky, D G Pillsbury and D H Busch, Inorg 
Chem 1980, 19, 3148 
3 J A Switzer and J F Endicott , J Am Chem Soc 
1980,102, 1181 
4 M Millar and R H Holm, J Am , Chem Soc 1975, 
97, 6052 
5 F V Lovecchio, E S Gore and D H Busch, J Am 
Chem Soc 1974 ,96 ,3109 
6 R R Gauge and D M Ingle, Inorg Chem 1981, 
20, 420 
7 J K Burdet t and D P Wilhams, Inorg Chem 1980, 
19, 2779 
8 D C Olson and J Vasilevskis, Inorg Chem 1969, 
8, 1611 
9 E E Van Tamelen, Accts Chem Res 1970, 3, 361 
10 J E Bercaw, R H Marvich, L G Bell and H « 
Bnntzinger , / Am Chem Soc 1972 ,94, 1219 
J E Bercaw, / Am Chem Soc 1974 ,96, 5087 
12 G Fachinett i , C Hor ian i , P F Zanazzi and A R. 
Zangar i , Inorg Chem 1979, 18, 3469 
13 J A Jensen, J E G o z u m , D M Poll ina and G S 
Girolami , / Am Chem Soc 1988,110, 1643 
14 G G Hlatky and R H, Crabtree , Coord Chem 
Rev 1985, 65, 1 
15 J A Jensen, S R Wilson, A J Schultz and G S 
Girolami , / Am Chem Soc 1987 ,109 ,8094 
16 T J M a r k s and J R Kolb , Chem Rev 1977, 11, 
263 
17 J A Gensen and G S Girolami , Inorg Chem 
1989, 28 , 2107 
11 
Route leading to stable M — H — B unit 1971 
18 W J Gtzx^, Coord Chem Rev 1971,7,81 
19 D A C o e a n d J W Spectrochim Acta, Part 
Ami), 29, J 789 
20 T J Marks, W J Kennelly, J R Kolb and L A 
Shimp, Inorg Chem 1972, 11, 2540 
21 B E Smith, H F Shurvell and B D James, J 
Chem Sac , Dalton Trans 1978, 710 
22 T A Keiderling, W T Wozniak, R S Gay, D 
Jurkowitz, E R Bernstein, S J Lippard and T G 
Spiro, Inorg Chem 1975, 14, 576 
23 R H Banks, N M Edelstem, R R Rietz, D H 
Templeton and A Zalkin, J Am Chem Soc 1978, 
100, 1957 
24 C J Dam, A J Downs, M J Goode, D G Evans, 
K T Nicholls, D W H Rankin and H E Robert-
son, / Chem Soc , Dalton Trans 1991,967 
Transition Met C / i e m , 18, 4 1 7 - 4 1 9 (1993) L i g a n d s u b s t i t u t i o n in c i s - [ R u ( b i p y ) 2 ( H 2 0 ) 2 ] 2+ 419 
Table 3. Values of k^ and fe i/ii^ at = 3 1 x 10 ^ mol dm 3 
Reactant p H lO^'/c, 
40° C 45° C 50^C 55 C 
lO^k ,//c2 
40" C 45° C 50° C 55" C 
Pyridme-2-aldoxime 4 5 2 5 3 63 
8-hydroxyquinohne"0 ' 6 2 5 3 57 
5 0 8 0 
5 0 
16 7 14 5 
3 7 3 5 
133 
3 3 
125 
Table 4. Activation parameters of the reaction between [Ru(bipy)2(H20)2]^^ and various substrates 
System AH^ 
(kJmol ') ( J K - ' m o r ' ) 
Ref 
cis-[Ru(bipy)2(H20)2]^ + pyndme-2-aldoxime 
n i - [ R u ( b i p y ) 2 ( H 2 0 ) 2 ] ^ " + N 0 2 -
cis-[Ru(bipy)2(H20)2]^"' + 8-hydroxyquinoline 
59 6 
68 2" 
67 0 
- 1 2 4 00 
- 4 7 5" 
- 1 0 1 2 
This work 
(6) 
(10) 
"AH* and AS'" vaJues were evaluated from Arrhenjus activaljon parameters 
form (/cl =/c 1^2/^-1) for I'gand concentrations, where 
fc _ 1 »/c2 [LL], but at the high concentration of the hgand, 
the hmiting rate (9) is obtained 
Rate = fci[Ru(bipy)2(H20)2]'^ (6) 
Comparing this equation with the rate expression obtained 
by varying [complex (1)'], it can be written 
Rate = fc„bs[complex f ; ; ] (7) 
where 
/c„bs = /ciA2[LL]/(/c,+/c2[LL]) (8) 
or, 
lAobs = lA,+( fc - i / / c , / c2[LL]) (9) 
The terms and /cj embody the relative reactivities of 
the solvent water and the ligand LL for the coordinatively 
unsaturated reaction intermediate (the pentacoordinated 
species) 
A plot of l/fcobs against 1/[LL] gave a straight line with 
an intercept, from which values of /cj and ^Cj/Zcj were 
obtained Tables 2 and 3 summarize the reaction par-
ameters for the reaction of [Ru(bipy)2(H20)2]^^ with 
pyridine-2-aldoxime 
Ejfect of temper ature on t ate 
The reaction was studied at four different temperatures in 
aqueous medium The activation parameters for the slow 
step, I e AH * and AS were calculated using the Eyring 
equation The values are compared with other systems m 
Table 4, the similar values of the three systems suggest 
that all three follow the same dissociative pathway 
Mechanism and conclusion 
While the anation studies done by Davies and Mulhns'®' 
involve a SN2 mechanism for the same complex, using 
other anionic ligands (eg N O j , py, N J , etc) a rate-
limitmg unimoleculdr process is proposed here As men-
tioned earlier, this system also follows a second-order rate 
law at low concentration of incoming hgand However, 
the dependence of reaction rate on the concentration and 
nature of the nucleophile is consistent with a rate-limiting 
unimolecular process The values of activation parameters 
listed above and the anation rate constants (ki) for 
different systems are remarkably similar All these obser-
vations lead us to suggest a dissociative reaction pathway 
for the anation reaction with pyridine-2-aldoxime Our 
proposed mechanism involves a slow dissociation step m 
which the diaqua complex dissociates to form the five-
coordinate intermediate This intermediate reacts with 
both pyridme-2-aldoxime and the solvent water The 
attachment of one donor nitrogen to the metal ion (Ru^ 
makes it electron-rich, which then favours labilization of 
the second aqua molecule and subsequent rapid chelation 
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Summary 
Novel heterobimetallic chelates [Cu(en)2Cl2M2Cl4] (M = 
Si, Ge, Sn, Ti and Zr; en = ethylenediamine) and [Cu(en)2-
Cl2SnPh4l prepared by reacting [Cu(en)2]Cl2 with 
group IV metal tetrachlorides and dichlorodiphenyltin(IV), 
respectively, were characterized by e.s.r., electronic and 
i.r. spectroscopy, elemental analysis and conductivity 
measurements. The e.s.r. spectral ^^-values indicate square 
planar geometry for [Cu(en)2]Cl2 and an octahedral 
environment for copper(II) in heterobimetallic complexes. 
Conductivity measurements show [Cu(en)2]Ci2 to be 
ionic and the heterobimetallic chelates to be covalent. 
Introduction 
During the last decade macrocyclic ligands and their 
transition metal complexes have been shown to be impo-
rtant. Sakata and c o w o r k e r s ' p r e p a r e d and studied 
many macrocyclic ligands and their stable complexes 
which are of biological interest. 
There is growing awareness associated with electro-
chemical, magnetic and spectroscopic studies of multi-
metallic c o m p l e x e s ' ® " ' S u c h complexes possess active 
sites in a variety of metalloenzymes and play a significant 
role in industrial catalysis. Fur thermore, this type of 
complex exhibits magnetic interactions and also serves as 
a model for metalloproteins in which biological function 
is associated with the occurrence of paired metal centres. 
We describe here the synthesis of new heterobimetallic 
complexes of [Cu(en)2Cl2M2Cl4] type (M = Si, Ge, Sn, Ti 
and Zr) and [Cu(en)2Cl2SnPh4], in order to explore their 
nature and mode of bonding. 
overnight at room temperature. The products were washed 
with M e O H and dried under vacuum. All complexes are 
sparingly soluble in D M S O and D M F . 
Physical measurements 
Microanalyses were made on a Car lo Erba Analyser 
Model 1106. Molar conductances were measured at room 
temperature on a Digisun electronic conductivity bridge. 
The i.r. spectra (200-4000 cm " ' ) were recorded on a Carl 
Ziess Specord M-80 spectrophotometer in nujol mulJs 
and electronic spectra were recorded on a Shimadzu 
u.v.-vis. spectrophotometer Model 60. The e.s.r. spectra 
were measured on a Bruker Scientific X-band spectrometer 
(ESP-300) using a 100 kHz field modulat ion and quar tz 
sample tubes. The g values determined were calibrated 
with D P P A powder, g = 2.0036. Chlorine was estimated 
by a gravimetric method. 
Results and discussion 
The elemental analyses (Table 1) are consistent with the 
formulations of the complexes, as [Cu(en)2]Cl2, [Cu-
(en)2Cl2M2Cl4] and [Cu(en)2Cl2SnPh4] (M = Si, Ge, Sn, 
Ti and Zr; en = ethylenediamine). 
Copper(II) chloride (1 mol) reacts with ethylenediamine 
(2mol) in M e O H to yield [Cu(en)2]Cl2, and this com-
plex reacts with group IV metal tetrachlorides and with 
Ph2SnCl2 to yield heterobimetallic chelates [Cu(en)2-
CI2M2CIJ and [Cu(en)2Cl2SnPh4], respectively. We 
suggest that the complexes are formed by the replacement 
of amino-hydrogen by a group IV metal (Scheme 1). 
Experimental 
Ethylenediamine (Koch Light), CuCl2(BDH), S1CI4, GeCU, 
SnCU, TiCl4, ZrCl4(BDH) and Ph2SnCl2(Fluka) were 
used as received. M e O H and D M S O were distilled and 
dried before use. 
Preparation of [Cu(en)2]Cl2 
This complex was prepared by dissolving C u C l j (0.01 mol, 
l .66g) in M e O H (30cm^) followed by dropwise addition 
of (H2NCH2)2 (0.02 mol, 1.2 g). The dark blue product 
which formed immediately was washed and recrystallized 
from M e O H and dried under vacuum. 
Preparation of the complexes 
A hot M e O H solution (15 cm^) of [Cu(en)2]Cl2 (0.01 mol, 
2.54 g) was treated with g roup IV metal tetrachlorides or 
Ph2SnCl2 (0.02 mol). In each case the blue solution turned 
yellowish green and yielded yellow crystals on standing 
Cu Clj+ZCjH.Nj 
I 1 
/ \ H,N NH, 
I I 
cij 
^ \ r .N. ,CI PI, N \ r \ / \ / \ /" \ / \ ,M Cu M +4HCI Sr ( 
N, / CI N 
H/L 
CI Pti' ^ N ^ u/( 
/ \ Cu Sn + <1HCI 
\ N Pit 
* Author to whom all correspondence should be directed Scheme 1. M = Si, Ge, Sn, Ti, Zr. 
0340 -4285 ((^  1993 Chapman & Hall 
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Table 1. Analytical data, m p colour and yield of [Cu(en)j]Cl2 and its heterobimetallic chelates 
Complex Yield Colour M p Found (Calcd)% 
(7„) C Q C H N CI 
[CulC^HsN^jJCI^ 80 Blue 216 188 6 2 22 1 27 9 
(18 9) (6 3) (22 0) (27 9) 
[Cu(C2H,N2)2Cl2Sl2Cl4] 50 Yellow 180 106 3 5 124 47 2 
(10 6) (3 5) (12 3) (47 1) 
[Cu(C2H,N2)2Cl2Ge2CU] 50 Yellow 205 8 9 2 9 10 4 39 5 
(8 8) (3 0) (10 3) (39 4) 
[Cu(C2H<,N2)2Cl2Sn2Cl4] 50 Yellow 230 76 2 5 8 9 33 7 
(7 5) (2 6) (8 8) (33 8) 
[Cu(C2H,N2)2Cl2Tl2Cl4] 55 Yellow 240 9 7 32 114 43 4 
(9 8) (3 3) (113) (43 4) 
[Cu(C2H,N2)2Cl2Zr2Cl4] 55 Yellow 249 8 3 2 8 9 7 36 7 
(8 2) (2 7) (9 6) (36 8) 
[Cu(C2H,N2)2Cl2Sn2(C5H5)4] 40 Blue 245 42 1 4 5 7 0 8 8 
(42 0) (4 5) (7 1) (8 9) 
The high conductivity of [Cu(en)2]Cl2 m M e O H 
(200 cm ^ ohm ' mol" )^ indicates electrolytic character*' 
The molar conductance of the heterobimetallic complexes 
measured in D M F ( 1 5 - 2 0 c m ^ o h m " ' m o P ' ) show that 
they are nonelectrolytes*'®' A plot of conductance versus 
volume of MCI4 (cm^) for the conductometnc titration of 
[Cu(en)2]Cl2 (001 mol) against MCl4(002mol ) added 
shows two changes of gradient (Figure 1), indicating the 
formation of an unstable species in 1 1 ratio which 
ultimately yields a stable product m 1 2 ratio 
At room temperature the e s r spectrum of a crystalline 
sample of [Cu(en)2]Cl2 gives g^ = 209 and gx = 206, 
which favour a square planar geometry for copper(Iiy^''~'®> 
The apparent g values for all bimetallic polycrystalhne 
samples are g^n = 1 99 and g^ = 2 0 1 with the average g 
values <^> = (201 + gfx/3) = 2 04 These values accord 
2 0 3 0 4 0 5 0 6 0 
volume of SnCI , ( c m ' ) 
Figure 1. Molar conductance versus volume of SnCU (cm^) 
With those of the s tandard octahedral copper(II) com-
plexes ' ' ' ' On this basis we conclude unequivocally that 
the chloride 10ns present m [Cu(en)2]Cl2 coordinate with 
copper(II) upon complexation with MCI4 and Ph2SnCl2, 
thus achieving an octahedral environment for copper(II) 
The electronic spectrum of [Cu(en)2]Cl2 m M e O H 
exhibits a high-intensity charge-transfer band at 247 nm 
and a band at 304 nm due to the L M charge transfer 
A strong d - d band at 596 nm is characteristic of square 
planar complexes'^"' The electronic spectra of the bi-
metallic complexes in D M S O exhibit a strong band at 
275 nm and shoulders assignable to intraligand transition 
and to ligand-to-metal charge transfer'^ The d - d 
bands at 930 nm and at 882 nm arise from octahedral 
bimetallic copper(II) complexes It is known that octahedral 
distortion in copper(II) complexes lead to the displacement 
of d - d bands to lower energies'^^"^"^' 
The 1 r spectra of bimetallic complexes compare well 
the spectrum of [Cu(en)2]Cl2 The primary amine stretch 
IS located at higher frequency than that of the corresponding 
secondary amine'^®' The spectrum of [Cu(en)2]Cl2 exhibits 
a strong absorption band at 3 2 3 3 c m " \ v(N—H), which 
undergoes a negative shift in the bimetallic complexes 
(3090 c m " ' ) , indicating the formation of a grour« IV 
metal-nitrogen covalent bond The ^ (N—H) in the tigand 
does not shift after chelation with the group IV element 
(Table 2) Two sharp absorpt ion bands (1061 c m " ' and 
1 3 8 4 c m " ' ) in both the ligand and its bimetallic chelates 
are due to v(C—C) and v(C—N) modes, respectively The 
bimetallic complexes exhibit new bands of medium intensity 
in the 4 3 0 - 5 2 5 c m " ' range assigned to v (M—N) The 
far-i r spectra show a distinct band at 315 cm " ' attributed 
Table 2. I r and far-i r stretching frequencies for [Cu(en)2]Cl2 and its heterobimetallic chelates 
Complex Peaks (cm 
5(N - H) i ( N - H ) v(Cu—N) v(Cu—CI) v(M - N ) v(M—1 
[Cu(C2HsN2)2]Cl2 1583s 3270m 405s 
[Cu(C2H,N2)2Cl2Sl2CIJ 1583s 3110m 403s 315m 430s 300s 
[Cu(C2H,N2)2Cl2Ge2Cl4] 1583s 3112m 403s 315m 485s 305s 
[Cu(C2H„N2)2Cl2Sn2Cl4] 1583s 3 n 2 m 403s 315m 455s 300s 
J 583s 3JJ0m 403s 315m 520s 290s 
[Cu(C2H,N2)2Cl2Zr2Cl4] 1583s 3110m 403s 315m 525s 290s 
[Cu(C2H,N2)2Cl2Sn2(C<,H5)4] 1583s 3108m 403s 310m 472s 300s 
422 Siddiqi et al Transition Met Chem, 18, 420-422 (1993) 
to v(Cu — CI) which IS absent in the spectra of [Cu(en)2]Cl2 
The group IV metal chlonne stretching frequencies appear 
in the 290 3 0 5 c m " ' range (Table 2) 
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SYNTHESIS, CHARACTERIZATION AND REACTIVITY OF NEW HETKRO-
BIMETALLIC COMPLEXES 
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A B S T R A C T 
Heterobimetallic complexes of the type lCu(TE'lA) 
Cl^MCl^l where M = 5l , Ge, Sn, Ti or Zr, TEIA-H^ = 
(triethylene tetraroine) have been synthesized and 
characterized by elemental analysis, EPR spectra, electronic 
spectra, IR spectra, far-IR spectra and conductivity measure-
ments. The complex 1 Cu(TETA)C1jSnPhj] has also been prepared. 
The results indicate that the compound tCu(TETA-H^)1C1^ is 
square planar and ionic in nature, while its bimetallic 
complexes, [Cu(TETA)C1^MCl^1 and 1 Cu(TETA)CI^SnPh^1, have 
an octahedral environment around the Cu(Il) ion. Another 
series of compounds of the type (Cu(TETA)CI^M(TMDTC)^1 has 
been prepared by the direct interaction of 1 Cu (TETA) CI ^.ICl ^  ) 
with tetramethylenedithiocarbamate (TMDTC) in a 1:2 ratio 
in methanol. In these complexes, an octahedral 
stereochemistry around the Group IV metal has been observed 
in which the TMDTC acts as a bidentate ligand. 
1435 
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INTRODUCTION 
There has Open much interest in recent years Jn 
heteronuclear bimetallic complexes because o£ their 
importance in inorganic and bioinorganic chemistry'"''. 
We report here a route to complexes containing Cu(I3> 
cogethpr with a Group IV element (Si/ Ge, Sn, Ti or ^r ) of 
the type ( Cu(TETA)CI^1C1^ 1, (Cu(TEIA)CI^SnPh^ 1 and (Cu(TETA) 
" I j M d M D T O ^ J (TETA-H^ = triethylene tetramine and TMDTC = 
cptramethylenpdithiocarbamate). 
RESULTS ^ND DISCUSSION 
The analytical data (Table I) show that the complexes 
conform to the compositions [ Cu (TETA-H^)]CI2» lCu(TETA) 
Cl^MCl,), iCu(TETAjCljSnPh^l or ICu(TETA)CI jMCTMDTC) j) where 
M « Si, Ge, Sn, Ti and Zr, TETA-H^ • (triethylene tetramine) 
and TMDTC - (tetramethy1enedithlocarbamate). The reaction 
between Cu(II) chloride and TETA-H^ in ethanol yields 
1Cu(TETA-Hj))CI 2 • Further reaction of this complex with a 
>Jroup IV metal tetrachloride or diphenyltin(IV) dichloride 
gives the heterobimetal11c chelates, (Cu(TETA)CI^MCl^) or 
I Cu(TETAjCl^SnPh^J in high yield. Conductivity measurements 
in DMSO^ show that (Cu (TETA-H^) ) CI ^  is ' 1:2 electrolyte ana 
Chat heterobimetallic chelates non-electrolytes. iiip 
bimetallic complexes are formed by the replacement of a m m o 
hydrogen by the Group IV metal and loss of 2HC1 molecules 
(confirmed by the quantitative estimation of chloride as 
AaCl). The reaction between (Cu(TBTA)CI^MCl^i and anmoniun 
1^ .1'IC re.-jults in the formation ot coiipl**«o of tM»- ( y|,( 
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CudllClj • CjH„N4 
El OH 
M f—N NHJ 
NH} 
Clj 
H^r 
• 2HCI 
J - H 
-CI 
I H 
CI 
Whrrt M.Si,Ot,Sn,Ti or Zr (tttrohfdral fltrtoclwmKtryl 
I SCHEME 1 I 
CI 
u ICultETAICljMClj )•! KCMjI^ MCSj iMHj ICu 
H-'L N-^l 
t 2 NH4CI 
CI 
Whtrt Mm Si,0*,Sn,Ji or Zr (octoh*drol st*rM<ti«miCtrv) 
(SCHEME II 
[Cu(TETA)Cl2M(TMDTC)2). The reactions are repr'esented in 
scheme 1 and 2. 
A room temperature EPR spectrum of the powdered 
sample of ICudETA-H^jJClj gives approximate g-values wiih 
g|l • 2.09 and « 2.06, which indicates square planar 
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6 —9 
geometry arouna Cu(II) (because the ligand TETA-H^ la a 
strong chelate which would impose a square planar geometry 
around Cu(II) rather than tetrahedral environment). The 
apparent room temperature g-values of the bimetallic complexes 
are g^ • 1.99 and gj_ = 2.07 with the average g-values = 
t 2gii *gj_)/3 ' 2.04, and are in excellent accord with those 
of octahedral Cu(ll) complexes^''. On this basiS/ we suggest 
that chloride ions coordinate to Cu(II) to make up an 
octahedral environment in the bimetallic complexes. 
The electronic spectra of the mononuclear complex 
in methanol, (Cu(TETA-H^)]Cl^, show a high intensity charge 
transfer band at 247 nm along with the ligand to metal charge 
transfer band at 304 nm. A strong d-d band at 596 nm is also 
observed which is characteristic of square planar 
complexes^ The bimetallic coeplexes in DMSO also show 
strong bands at 275 nm along with the shoulders assignable 
to intra ligand transitions and ligand to metal charge 
t r a n s f e r ^ . The d-d band maxima in the bimetallic 
complexes are observed at 930 nm and 882 nm. 
Some of the IR bands are helpful in determining the 
structure of the complexes. In [CufTETA-H^))Clj / the band 
at 3270 cm"^ is characteristic of N-H stretching, while the 
peak at 1584 cm""^ is assigned to ^ N - H ) . In the bimetallic 
chelates, v'(N-H) appears at a lower wave number (3110 cm~^) 
suggesting the formation of a Group IV metal-nitrogen 
covalent bond; ^(N-H) remains unaffected. Two sharp 
absorption bands appear at 1060 cm"^ and 1384 cm~^ in both 
the mono and binuclear compltxea and they are assigned to 
V'c-c and v)c-N modes, respectively. Two distinct bands at 
197 SIDDIQI ET AL 
2962 cm ^ and 751 cm"'' ara asalgnad to ^)c-H and CH^ rocking 
modes, respectively. The thioureido tend characteristic o£ 
dithiocarbamates appeared at 1490 »hich is intermediate 
between a C»N band (1690-1640 cro"^) and a c-N band (1360-1250 
indicating a partial double bond character between 
carbon and nitrogen. The infrared sperrra of [CudETAjCl^M 
(TMDTC)^) exhibit only one sharp band at 1002 assigned 
to V^C^S, suggesting the bidentate chelation of the ligand 
and rendering the metal six coordinate. 
The far IR region of the spectri is very significant 
as It includes bands from M-N and M-X stretching. The M-X 
bands are stronger and appear at lowtr wave numbers. New 
bands of medium intensity at 430, 465, 455, 520< 525 cm"' 
in the complexes have been asaiqned te ^(M-N). The Cu-N 
stretching band appeared at 405 citi"^  the ligand and the 
heterobimetallic complexes. A band appealed in the bimetallic 
complexes at 315 cm"^ is assigned to 'Au-Cl; this band was 
absent xn the spectrum of lCu(XETA-«j) ICl^. Sharp bands 
appeared in the complexes at 300, 305, 300, 290, 290 cm"^ 
and are attributed to v'(M-Cl) (M « Si, Ge, Sn, Ti and 2r) . 
The "i)(M-S) has been observed in 380-3SO cni"^ range in the 
bimetallic complexes containing TMDTC. 
EXPERIMENTAL 
iriethylene tetramine (Koch Light), Copper(li) 
chloride hexahydrate (BDH), SiCl^, SnCl^, TiCi^, ZrCl^ 
(BDH), PhjSnClj (Fluka), Ammoniun tetramethylenedithlo-
carbamate (BDH) were used as obtained, aicroanalysis of the 
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complexes was done by Carlo Erba An&lyaer Model 1106. Mol«r 
conductance was measured at room temperature on a Uigisun 
electronic conductivity bridge. The IR spectra (200-'10UU 
were recorded on Carl Ziesa Specord M-80 spectro-
photometer in nu^ol mulls/KBr. Electronic spectra were 
recorded on a Shimadzu UV-Visible recording spectrophotometer 
Model 60. The EPR spectrum was recorded on a Brukei 
Scientific X-band spectrometer (ESP-300) using a 100 KHz 
tield modulation and quartz sample Cubes. Values were 
calibrated with DPPA powder g = 2.0036. The estimation of 
chlorine was carried out by Che usual gravimetric meChod. 
Synthesis of [Cu(TETA-H^ )]Cl^ 
C o p p e r ( I I ) chloride hexahydraCe (0.01 mol, 2.42 g) 
in 30 roL ethanol was treated by dropwise addition with 
triethylene tetramine (0.01 mol/ 1.46 inL). The dark blue 
produce which crystallised after keeping the mixture 
overnight was washed and recrystallized f r o m ethanol and 
dried in vacuo. 
SynChesis of (Cu(TETA)Cl^MCl^1 and (Cu(TETA)C1^SnPh^j 
A hoc solucion of 1 Cu(TETA-H2))Cl2 (0.01 mol, 2.80 g) 
in echanol (15 BL) waa created with (0.01 mol) of Group iv 
metal CeCrachlorides or diphenyltindichloride. In each case 
an immediate precipicate appeared which was washed with 
ethanol and dried in vacuo. The coniplcx|^B are only soluble 
in DMSO. 
S y n t h e s i s of [ C u ( T E T A ) CI TMDTC ) , ) 
(0.01 mol) ICuCIETkjCljMCl <Ji«»olvc-d in the 
minimum quantity of DMSO and •••onluw tetramethy1enedithlo-
N E W H E T E R O B I M E T A L L I C C O M P L E X E S 1443 
carbamate (0.02 mol. 3.28 g) in methanol (IS iiiL) was added. 
The stirred mixture was refluxed for several hours and kept 
in the cold overnight. The precipitate thus obtained was 
filtered and dried in vacuo. 
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Abst rac t—The interaction of germanium and tin tetrachlorides with an excess of KBH^ in 
dry T H F Tes\i\ls'm vhe formaUon of novel compounds of ihe M(BH4)4 (M = G e and 
Sn). The results indicate that the compounds are non-electrolytes and the BH4 anion links 
covalently to the group IV metal atom in a tridentate manner . 
The coordinat ion chemistry of the tetrahydroborate 
anion is an active area of investigation because 
te t rahydroborate can adop t three different coor-
dination modes in mononuclear complexes (single', 
double" ' or triple*"^) which are easily distinguished 
by the application of vibrational spectroscopy.""'" 
Transition metal te l rahydroborates are impor-
tant as precursors to solid metal borides", to metal 
hydrides,'^ as well as alkyls.'^ Their complexes with 
all transition metals, lanthanides, actinidcs and 
some main group elements have been throughly 
studied. ' Only the g roup IV metals have remained 
unexplored in this connect ion, and therefore in con-
tinuation of our ongoing work on such studies,'* it 
was considered worthwhile to study the ligation 
behavior of the BH^ anion towards germanium 
and tin tetrachlorides in order to explore whether 
unidentate, bidentate or tridentate hydrogen 
bridges occur. We report herein the synthesis and 
characterization of g roup IV metal complexes with 
tetrahydroborate of the type M(BH4)4(M = G e a n d 
Sn). 
EXPERIMENTAL 
GeCU, SnCU and KBH4 (BDH) were used as 
supplied. T H F and D M F were distilled and dried 
before use by convent ional me thods . " Mic-
roanalyses were made on a Carlo Erba Analyser 
model 1106. Molar conductances were measured at 
room temperature on a Digisun electronic con-
*Author lo whom correspondence should be addressed. 
ductivity bridge. The IR spectra (200-4000 c m " ' ) 
were recorded on a Carl Ziess specord M-80 spec-
t rophotometer as nujol mull. Boron was estimated 
gravimetrically'"'-" as BjOj, tin as SnOj and chlor-
ine as AgCl. 
Synthesis of the complexes 
MCI4 (O.I mol) (M = Ge or Sn) was placed in a 
250 c m ' three-necked flask with 50 cm ' of T H F . 
Potassium boron hydride (excess) was added al 
room temperature with stirring to the solution. The 
reaction mixture was allowed to stir for 4 h. The 
fine powder obtained was filtered, washed with 
T H F and dried in vacuo. 
R E S U L T S AND D I S C U S S I O N 
The reaction of germanium and tin tetrachlorides 
with an excess of KBH4 in dry T H F yields M(BH4)4 
according to eq. 1. In these reactions, KBH4 is taken 
in excess in order to prevent reduction of the central 
a tom. 
M C l 4 - l - e x c e s s K B H 4 - ^ M ( B H 4 ) 4 + 4 K C l ( I ) 
The analytical da ta (Table 1) conform to the com-
position of the complexes as M(BH4)4 (M = Ge and 
Sn). All the compounds arc air-stable and soluble 
in D M F and D M S O but insoluble in common ali-
phatic and aromatic hydrocarbons. The molar con-
ductances of 10 ' M solution of the complexes mea-
sured in D M F (20-30 Q - ' cm^ m o l " ' ) reveal their 
non-electrolytic na tu rc ' ^ 
K S S I D D I Q I Lied 
Table 1 Andlylical data, melting point, % yield and colour of the complexes 
Elemental analysis(%) 
Melting point [Found " (Calc)] 
Complex Yield (%) rc) Colour H B Sn 
GC(BH4)4 71 207 (decomp) white 12 4(12 5) 31 0 (31 2) — 
Sn(BH4)4 IS 200 (decomp ) white 9 2 (9 1) 23 2 (23 0) 67 5 (67 8) 
"Chlorine was proved to be absent from both compounds 
Table 2 The important characteristic IR bands of the complexes 
Complex H,-B-H. bendini 
GC(BH4)4 
Sn(BH,), 
1380 s 
1220 s 
Peak position (cm ') 
i(B-M,) >(B Hh) >(M-H,) i(M(/i-H),B) 
2562 s 
2560 s 
2210 s 2261 s 
2201 s 2245 s 
1182m 
1171 m 
422 s 
429 s 
The most significant spectroscopic information 
on these complexes comcs from the IR spectrum 
The relevant bands of the IR spectra arc given in 
Table 2 The first important feature is the obser-
vation of a single intense absorption at 2560 c m " ' , 
with the absence of any doublet near this region, 
attributable certainly to vB-H, which supports the 
KBH4 
( e x c e s s ) 
4-
MCI, 
THF 
M - Ge and Sn 
Scheme 1 
presence of only one terminal hydrogen This is 
characteristic of the tndenta te tetrahydroborate 
group ' ' Other features characteristic of triple link-
ing of BH4 group IS the appearance of a doublet in 
2185-2265 c m " ' range which are due to ^B-Hb 
Such tndentate behaviour has been observed in the 
case of Zr(BH4)S, Hf(BH4)L Ti(BH4)t U(BH4)r 
and actinide derivatives ' ' M(BH4)3 (M = Np and 
Pu) There is no sign in the spectra diagnostic of 
bidentate binding, as exhibited by Al(BH4)r , which 
suggests that the tetrahydroborate groups are 
linked to the group IV metal atom exclusively ita 
triple hydrogen bridges (Scheme 1) Distinct 
absorptions have been observed m the IR spectra 
of the complexes in the 1220 HSO cm ' range 
which are associated with Hb-B-H, bending' ' The 
band located at 420 cm ' has been assigned to the 
deformation of the \M(/i-H)3B bridges Another 
strong absorption band observed at 1180 c m " ' has 
been assigned to \ M - H ^ Moreover, the absence of 
the metal-chlonne stretching frequency in the 260-
330 c m " ' region indicates the replacement of the 
chlorine by the BH4 group 
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